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ABDOMINAL TUMOURS IN INFANTS AND CHILDREN*. 


BY 


C. EVERETT KOOP 
<c Fram the Surgical Clinic of the Children’s Hospital of Philadelphia and the Harrison Department of Surgical Research. 
a University of Pennsylvania School of Medicine 


< If abdominal tumours in children were symptom- 
ti more often than they are, diagnosis would be 
staple and indications for management clear. How- 
ever, abdominal tumours are usually silent. Fre- 
quently they are discovered accidentally. They 
may well be diagnosed by chance in the systematic 
work-up for apparently unrelated symptoms, as, for 
example, in a child with a fever of unknown origin 
who has dullness to percussion at his left base on 
physical examination and in whom a chest film 
reveals not pneumonia but a retroperitoneal tumour. 
When one speaks about abdominal tumours in 
children two major tumours come to mind, the 
embryoma of the kidney or Wilms’ tumour and the 
neuroblastoma. These two tumours are thought of 
almost to the exclusion of others and perhaps rightly 
so. They are not only the most usual and the most 
dangerous to life, but are also amenable to treat- 

ment, if happily the diagnosis is made early. 
Long experience with these killers of children leads 
| one to a philosephy of tumour management. In 
a5 America, at least, cancer is the No. 2 killer of 
a children, exceeded only by accidents. Probably the 
same is more or less true in Britain although you do 
not seem to leac the frantic lives that we do and 
perhaps cancer is even more important as a cause of 

paediatric death than are accidents. 

It is our firm belief that abdominal tumours 
present an ergency, if not an emergency situation in 
management - Several valid reasons might be cited 
in support of this belief but, for the sake of a teaching 
point, the naive | explanation that we give is that in 
every tumour, such as Wilms’, there is a day when 
metastases take place. Before this day extirpation 
of the primary tumour should result in a complete 
cure. After this day extirpation of the tumour has 
no effect on mortality and in all likelihood even the 
addition of X-ray therapy and chemotherapy to the 
surgeon's | armarrentarium probably alters the 
prognosis but litte. 

Another keystone in the management of abdominal 
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** Lecture delivered az the University of Liverpool in June, 1959. 
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tumours lies in ordering minimal investigations, not 
only because more are unnecessary, but also because 
the longer a child lies about the wards of the hospital, 
the more opportunity he has for his abdomen to be 
palpated by enthusiastic members of the house staff 
and by medical students. 

The third point in our philosophical management 
of tumours is minimal trauma by palpation, whether 
this be pre-operatively or at the operating table. 
We attempt ligation of the blood supply to the 
tumour before handling it, if at all possible. This 
philosophy leads us to place an adhesive sign on the 
abdominal skin which says, ‘Do not palpate this 
abdomen’ as soon as we have made the diagnosis of 
an intra-abdominal mass, and commonly leads us to 
wide incisions of the thoraco-abdominal variety in 
order to approach an intra-abdominal or retro- 
peritoneal mass without undue manipulation. 

The differential diagnosis of intra-abdominal 
tumours is certainly important, even though the 
tumour must come out, because of differences in the 
life history of these two major malignant lesions, the 
Wilms’ tumour and the neuroblastoma, and opera- 
tive management dictated by these differences. The 
Wilms’ tumour has a capsule and, if this is ruptured 
spontaneously cr during the operative procedure, 
the prognosis is tantamount to eventual death. The 
pattern of metastases is to the lung fields and seldom 
to the regional nodes. The mortality is high, the best 
results being obtained in those clinics where the 
aforementioned philosophy is carried out and where 
prompt surgery is followed by adequate irradiation. 

The neuroblastoma, on the other hand, is fre- 
quently non-encapsulated; its metastatic pattern is 
to the bones of the extremities, to the skull and 
retro-orbital areas. Growth by direct extension 
into adjacent organs is common, and the best 
mortality is not necessarily reported from those 
clinics that treat neuroblastomas as they do Wilms’ 
tumours by X-ray treatment immediately after 
surgery. This tumour apparently has a unique 
ability to revert from a malignant to a benign form. 
Although we realize that little or nothing in the way 
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of therapy may be associated with this course of 
avents, our own experience leads us to believe that 
the best results have been in those patients who had 
a major surgical insult to their tumour. 

The intravenous pyelogram is at all odds the key 
study in the differential diagnosis of these two 
tumours. Some of the films shown here are far 
superior to others insofar as visualization of the 
kidney is concerned. The reasons for this include 
not only a better dye substance being available today, 

t also the technique currently in use for giving the 
patint a carbonated beverage to drink immediately 
after Tnjecting the dye intravenously in order that the 
carbon dioxide liberated from the beverage will fill 
the stomach, push the viscera out of the way, and 
show the dye secreted by the kidney through a large 
radiolucent gastric shadow of gas. Furthermore, 
we now reinforce the intravenous dose of dye by a 
second injection if there is no apparent dye secretion 
in the first film taken five minutes after the initial 
injection. Perhaps a review of some of the prob- 
lems presented by patients may serve to illustrate 
both the commonplace and the bizarre. 


Case Reports 


Case 1. M.B. This 14-year-old boy had been 
chronically ill for four months with weight loss, fever and 
diarrhoea. Physical examination revealed dullness at the 
right lower base of the lung field posteriorly. The liver 
was palpable 3 cm. below the costal margin and the spleen 





Fic. 1.—Case 1. 


Typical displacement of right kidney by a suprarenal neuroblastoma. 


showed a huge mass in the right upper quadrant 
amorphous calcification. The intravenous urogram 
showed a typical displacement of the right kidney by a 
suprarenal mass. This is the usual textbook picture of a 
suprarenal neuroblastoma. It is classical in the position 
of the tumour, the displacement of the pelvi-caliceal 
system of the kidney and in the appearance of the 
calcium (Fig. 1). 


Case 2. D.C. A 34-year-old boy had a three to four- 
week history of intermittent fever, abdominal pain, leg 
pain, sore joints, weakness and weight loss. The diag- 
nosis of rheumatic fever was considered before admission 
to hospital. In hospital a physical examination revealed 
a mass in the left upper quadrant and an intrav 
urogram indicated in the five-minute film displacement of 
the ureter both in the anterior-posterior and oblique 
projections. Calcium was also seen in this lesion. I 
soon becomes apparent that the neuroblastoma can 
appear anywhere from the cervical region to the coccyx. 
The calcium pattern varies and is not 100% reliable. 
Here the tumour is not in the typical suprarenal position 
but is below the kidney (Fig. 2). 


Case 3. E.B. A 23-month-old boy had intermittent 
episodes of diarrhoea for one year. More recently he 
had had an anaemia which had not responded to iron 
medication but he had not experienced fever or weight 
loss. On physical examination a palpable abdominal 
mass was found in the left flank. Intravenous urography 
revealed a displacement of the left ureter medially and 
anteriorly by a retroperitoneal mass lesion containing no 
calcium. This also proved to be a neuroblastoma (Fig. 3). 


Note calcific shadows. S 


us: 


. was enlarged. The preliminary film of his abdomef X\ 
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FiG. 2.—Case 2. Neuroblastoma. Left upper quadrant mass with displacement of ureter and kidney by 
infrarenal mass. 





FiG. 3.—Case 3. Neuroblastoma. Left ureter displaced medially and anteriorly. No calcium. 
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Fic. 4.—Case 4. Neuroblastoma. 


Mass indenting bladder and displacing ureter far laterally. 


Excellent 


demonstration of benefit derived from gas shadow in stomach produced by carbonated beverage. 


Following extirpation of the tumour the child is alive and 
well four years post-operatively. 


Case 4. S.C. A 34-year-old girl had had polio- 
myelitis at the age of 4 months. One year before admis- 
sion she began to complain of pain in her left leg and had 
numerous hospital admissions, all of which resulted in the 
assessment of her pain as a result of her poliomyelitis. 
By the time she reached the Children’s Hospital of Phila- 
delphia, the diagnosis was easy because there was a large 
mass not only palpable but also visible in her left lower 
quadrant. An intravenous pyelogram showed a mass 
indenting the bladder and displacing the ureter far 
laterally. This also proved to be neuroblastoma. The 
patient died six months later. The kidney is not dis- 
placed in any way in these films which show remarkably 
well the advantages of giving a carbonated drink in 
association with intravenous pyelography (Fig. 4). 


Case 5. M.B. was a 5-year-old boy who entered the 
hospital with a four-month history of intermittent fever, 
pains in the joints, neck and head. At another hospital 
three months previously his long bones, intravenous 
pyelogram and skull films were all reported as being 
negative. By exclusion a diagnosis of Still's disease was 
made and he was placed on cortisone therapy. On this 
treatment he improved for a while but by the time of 
admission to the Children’s Hospital of Philadelphia his 
pain had returned and his headaches were a primary 
symptom. Skull films showed evidence of increased 
intracranial pressure and a ventriculogram taken eight 
days later showed no mass lesion. A long bone survey 
done at the same time showed evidence of metastatic 
disease. Intravenous pyelography five days after the air 


study revealed a neuroblastoma on the right side (Fig, 5). 
Everything about this patient was carried out in backward 
fashion. Diagnosis at the primary site was made only 
after metastases had appeared. 








Fig. §.—Case 5. Neuroblastoma on right. Diagnosis made 
only after metastases produced increased intracranial pressure 
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In summary, concerning neuroblastomas, you 
dve seen a textbook picture of the suprarenal 
position of a neuroblastoma above the kidney and a 
variation of the neuroblastoma below the kidney. 
One tumour displaced the ureter anteriorly and 
medially while still another displaced the ureter 
laterally and indented the bladder. Calcium was 
present in some but not in all flat films. 

The histories of these patients included weight loss, 
pain, fever of unknown origin, diarrhoea and 
anaemia. In so far as similar syndromes are con- 
cerned, neuroblastoma mimicked poliomyelitis, 
arthritis and rheumatic fever. Such are the 


+ vagltries of the neuroblastoma. 


rl A $ 
* One of our residents married one of our nurses 
and in the course of time produced a child. By this 


ssf time the young physician had moved to another city 


ad 


in the course of his training and when the child was 
born with an abdominal mass, the mass was 
assumed to be spleen because of a Rhesus incom- 
*patibility on the part of the parents. The mother 
took her baby into a rural area of Pennsylvania 
where the local physician watched the mass grow in 
size until it reached the umbilicus, whereupon the 
infant was referred to one of our medical confréres 
for evaluation of splenomegaly. It was obvious on 
examination of the abdomen that the mass in 
question was a retroperitoneal tumour and not 
spleen, and following the philosophy of management 
already outlined and spurred on additionally by the 
fact that the parents of the patient were our friends, 
the child was operated upon about six hours after 
admission to hospital. The tumour was a neuro- 
blastoma and not only inoperable in the usual sense 
of the word by being wrapped around the hilum of 
both kidneys, but there were many metastases, 
multiple and small, covering the entire surface of the 
liver. Biopsy of both the primary and metastatic 
lesions showed an immature variety of neuro- 
blastoma. Because of the helpless feeling of opera- 
ting upon ‘an impossible situation in a child of a 
friend, we attempted to scoop out what tumour we 
could, actually used very bad cancer surgical 
technique, and advised no X-ray therapy because we 
thought the child would not benefit from it and that 
the sooner he died the better for all concerned. Two 
weeks later his subcutaneous tissue was the site of 
multiple nodules such as one sees in a terminal 
leukaemia, .To make a long story short, 13 years 
have gone by and this child is alive and well, has no 
abdominal tumour, even when his abdomen is 
palpated under anaesthesia, and his intravenous 
pyelogram shows no major abnormality. It was 
this patient and his subsequent course that led us to 
withhold radiation therapy in a neuroblastoma post- 


a im 


operatively and, in a sense, we have built up a 
control series with surgery and no X-ray or chemo- 
therapy, the mortality of which compares favourably 
with any series reported from our country in each of 
which X-ray therapy is given a major share of the 
credit for what survival there is. 

In 1955 I reported a survival of 30-°8° in the’ 
surgical management of neuroblastoma, that is 12 
survivals of 44 patients. After presentation of this 
experience to several groups, the consensus was that 
if I had irradiated the patients as well I would 
had an even better survival rate and, theref fe, We 
planned a series of surgery followed by radiation. 
The next eight patients died following radiation and 
although eight is not a large number, it is a suffic- 
iently large number for the surgeon to assess and 
perhaps change his tactics. When we reviewed the 
Situation in 1958 we found that all the patients 
reported alive in 1955 were still alive in 1958 and one 
reported to be dead in 1955 (due to faulty follow-up) 
was indeed alive in 1958, and our survival was not 
30:8% but 33:3% with a follow-up of 4 years 2 
months minimum and 12 years maximum. Since 
reverting in early 1958 to the surgical extirpation of 
neuroblastomas without the benefit of radiation 
therapy, we again have several patients who seem on 
their way to the closest thing to a cure that one can 
talk about in the treatment of malignant disease in 
children. 

The following are some examples of embryoma of 
the kidney. 





Case 6. A 2}-year-old boy had an asymptomatic left 
upper quadrant mass found on routine physical examina- 
tion by his paediatrician. An intravenous pyelogram 
showed a typical Wilms’ tumour. The boy was immedi- 
ately operated upon and treated with irradiation but 
metastases appeared in the liver and hing fields. The 
child died approximately one year after the appearance of 
metastases. In this instance the intravenous pyelogram 
revealed the usual garbled shadow produced by the dye 
ma Wilms’ tumour (Fig. 6). In spite of the fact that this 
tumour was small, it metastasized early. 


Case 7. R.K. This 7-month-old girl entered hospital 
because her mother had felt a huge abdominal mass while 
giving the child a bath. The mother, a competent 
observer, claimed that the tumour was not present the day 
before and the presumption is that haemorrhage into the 
tumour produced a change in size which led to its palpa- 
tion. An intravenous urogram was done and this study 
revealed an intrinsic tumour in the left kidney (Fig. 7). 
The mass was removed and the child was given 2,500 R 
tissue dose to the midline. Seven years later she is alive 
and well with no evidence of metastases. Here, a huge 
tumour treated in the same way as in the previous patient 
showed no evidence of metastasis and has a seven-year 
cure. 
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Fic. 6.—Case 6. Small Wilms’ tumour with early metastasis. 





FiG 7.—Case 7. Huge Wilms’ tumour without metastases; seven-year survival. 
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Ţt 
J N Case 8. W.W. This 3-year-old boy went to see his 


fa®ily doctor for a routine prophylactic injection one 
week before admission. The physician, an unusually 
thorough gentleman, quickly palpated the abdomen as 
part of a routine check-up and felt the abdominal mass. 
Intravenous pyelography revealed a typical distorted and 
garbled opaque shadow indicating an intrinsic mass in the 
kidney (Fig. 8). The boy is alive and well eight years 
after surgery and X-ray therapy. 

Case 9. E.Y. was a l-year-old girl, who two weeks 
before admission was found by her father to have a mass 
on the right side. During the intervening two weeks her 
right side had become firm and rigid. Laxatives and 
enemas had been given in an attempt to remove what her 
father suspected was a faecal impaction. After surgery 
. thf patient developed metastases and died rather 

romptly. The anterior-posterior view in this child is 
pot helpful. A lateral film was needed for a differential 
- diagnosis between a neuroblastoma and a Wilms’ tumour 
(Fig. 9). 

Case 10. S.O. This 11l-month-old girl was sent into 
hospital because someone thought he felt a mass in the 
N left upper quadrant. At our institution no mass could 
be felt but intravenous pyelography was undertaken to 
rule out any doubt. This showed a very minimal dis- 
tortion of the left renal pelvis. Our best films on this 
child are not available, but Fig. 10 indicates the area in 
which we were concerned. It was decided to do a 
nephrectomy rather than cut into the tumour, if such 
were present, for diagnosis, and when the kidney was 
removed it looked like a normal organ. When it was 
sectioned, however, there was a 2 cm. nodule just beneath 


FIG. 


8.—Case 8. 


Typically distorted pelvis by Wilms’ 


eight-year survival. 





Fic. 9.—Case 9. Wilms’ tumour. A-P view not helpful in making diagnosis; lateral film needed for 
e differential diagnosis between Wilms’ tumour and neuroblastoma. 





tumour; 
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Fic. 10.—Case 10. Intravenous pyelogram showing crescentic 
displacement of calyx and pelvis on left due to a small Wilms’ tumour. 
Compare with Fig. 11. 


the renal pelvis. This proved to be a Wilms’ tumour and 
the smallest one we have encountered clinically. The 
patient is alive and well four and a half years post- 
operatively. X-ray therapy was given. 

Case 11. D.P. This 3-year-old girl with pyuria and 
fever was investigated for pyelonephritis by intravenous 
pyelography. In this study the same distortion of the 
left renal pelvis is noted as that seen in the previous 
patient’s films. Note how the carbonated beverage has 
not only given better definition to the intravenous pyelo- 
graphy but has depressed the kidneys by intragastric gas 
pressure a distance of one vertebral body (Fig. 11). 





FiG. 11.—Case 11. Intravenous pyelogram showing crescentic displacement of calyx and pelvis on left due 
to an anomalous renal pyramid, Compare with Fig. 10. 


Nephrectomy was carried out in this child and, to ouf 
great surprise, the distortion of the pelvis was byan 
anomalous pyramid. This is the first anomalous 
pyramid we have encountered and the second such X-ray 
picture in about 17,000 pyelograms. Obviously, this is 
not an adequate method of making a diagnosis of a small 
Wilms’ tumour and on our next occasion we will resort 
to arteriography. 


In summary, all the Wilms’ tumours presented 
were asymptomatic. One such tumour was found 
on a routine physical examination by a paedia- 
trician; another was found by a mother who claims 
it was not there the day before; a third was found 
when a local physician did a hurried physical . 
examination before giving a prophylactic vaccin 
a father discovered a fourth tumour and, finally, the 
fifth patient was thought to have a mass even when* 
none could be palpated, but nevertheless proved to 
have the smallest clinical Wilms’ tumour in our 
series. 

Finally, to shake one’s confidence in any diagnostic.. 
procedure, a normal kidney with an anomalous 
pyramid mimicked almost identically a Wilms’ 
tumour. 

None of these patients had haematuria, a sign 
which is usually interpreted as meaning a very poor 
prognosis because of early penetration of blood 
vessels. However, our own experience indicates 
that this might also be a very early sign and lead to 
a happy prognosis. 

Although X-ray therapy is recommended as a 
routine post-operatively, patients are individually 
managed and when the tumour is small, the patient 
young, and the surgery atraumatic, no X-ray therap 
is given. ; 
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Before leaving malignant tumours, we should 
again remind ourselves of the rapid growth of these 
two just discussed and the fact that the usual 
behaviour of adult cancer is crowded into a much 
shorter time in the paediatric age group. What is 
thought of as a five-year cure can usually be tele- 
scoped into a 14-month period in reference to the two 
tumours just discussed. 

As to their importance, they account for 20° of 
all malignant tumours in children and 40°% of those 
against which we have at the moment a satisfactory 
weapon. 

The following are some other abdominal tumours 


. which occasionally present themselves for differential 


* Macnosis. 


Case 12. F.L. A 23-year-old girl entered hospital 
because of an anaemia. The evacuation of some of the 
barium enema revealed an abnormal air-filled bowel in 
the right upper quadrant which, when we did the small 
bowel study, filled with barium. The patient was sent 
home but returned bleeding severely from the rectum and 
was operated upon. Her lesion proved to be an ulcerated 
duplication of the ileum (Fig. 12). 

Case 13. R.S. was a 54-month-old girl who at the age 
of 3 weeks was found to have a large liver. Nothing was 
done for this child until she came to our hospital at 
5 months when she was really a huge abdomen with a 
small baby attached. She was completely dehydrated 
from vomiting and could not hold anything in her 
stomach. A survey film revealed a huge abdominal 
mass on the right side thought to be liver. With some 
barium in the stomach the edge of the mass could be seen. 


Fic. 12.—Case 12. Duplication of ileum. 








FiG. 13.—Case 13. Tumour of liver, affecting chiefly right lobe. 


Haemangioendothelioma. 


An intravenous urogram proved that this was not 
intrinsic to the kidney (Fig. 13). At operation it was 


> ae “IAM 
Perel) «et 
K ee. y 


Film on left shows lesion outlined with gas, on right filled with 
barium. 
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Fic. 14.—Case 14. Huge 
hepatoblastoma of left lobe 
before radiation therapy. 


thought that we were dealing with a primary carcinoma 
of the liver but a piece taken for biopsy was reported as 
being a benign haemangio-endothelioma. The child 
received 1,000 R tissue dose to the liver which had shrunk 
to normal size in eight months. The child is alive and 
well several years later. 

Case 14. J.M. was a 2ł-year-old boy with progressive 
enlargement of his abdomen of one month’s duration. 
The flat film showed a huge mass and the intravenous 
pyelogram showed the kidney to be depressed so that a 
diagnosis of neuroblastoma was made (Fig. 14). At 
operation the tumour was found to be intrinsic to the 
liver and the mass seemed to involve both right and left 
lobes. The child was given 3,200 R tissue dose in 33 days 
through a portal 13x15 cm. Eight weeks after X-ray 
treatment the child was re-explored and the tumour was 
found to lie in the right lobe only. A right hepatic 
lobectomy was carried out and the child is alive and well 








five years post-operatively. 
was hepatoblastoma. 

Case 15. N.L. This 44-year-old girl had a six-week 
history of lower abdominal pain which eventually became 
epigastric. Three weeks before admission she became 
jaundiced and had clay-coloured stools. The gastro- 
intestinal series of radiographs undertaken at another 
hospital showed a wide duodenal loop which would have 
suggested in an adult carcinoma of the head of the 
pancreas (Fig. 15). The child was operated upon in our 
institution five days after the study elsewhere and she Cid 
indeed have a tumour in the region of the head of te. 
pancreas which proved on histological section to be a 
reticulum cell sarcoma. The tumour involved the 
coeliac axis and was not resectable. The child received 
2,800 R tissue dose over a portal of 15 x15 cm. over a 
period of three weeks. She did well for a while but six 
months after operation she came into hospital in coma 


The histological diagnosis 


è 
Fie. 15.—Case 15. Widening of duodenal 
loop caused by reticulum cell sarcoma 
simulating classical carcinoma of head of 
pancreas. 





and died. At autopsy she was found to have radiation 
nephritis as the cause of her death. 

Case 16. This 2-week-old boy had a swollen leg and 
prominent veins over the right lower quadrant. It was 
thought that this would be a neuroblastoma on the basis 

» of clinical impression. It proved, however, to be a 
staphylococcal abscess secondary to a dirty circumcision 
and inguinal adenitis (Fig. 16). 

Case 17. J.A. Eleven days before this examination 
this 6-year-old boy was struck in the epigastrium by the 
hagdlebars of a bicycle. From that time on he had upper 
minal pain and vomiting. His serum amylase was 
1,500 units. Original films show the appearance of a 
mass in the vicinity of the pancreas which had not altered 
when repeated two weeks later (Fig. 17). The child was 
treated by judicious neglect and had no further difficulty. 

Case 18. E.T. This 11-year-old boy complained of 
jaundice of one month’s duration and loss of appetite. 
He entered ¢h¢ Children’s Hospital of Philadelphia with a 
temperature of 105° F. and abdominal pain; gastro- 
intestinal series of radiographs showed his common bile 
duct to be large as indicated by the depression of the 
duodenum (Fig. 18). The child was operated upon and a 
huge gall bladder and dilated common duct were found. 
The duct was opened and there extruded a number of 
flimsy structures resembling nasal polyps. A T-tube was 
left in the common bile duct and a cholangiogram 
indicated dilatation of the entire intrahepatic biliary tree. 
The patient died two months after operation and at 
autopsy had a large abdominal tumour as well as 
metastases in the abdomen, pelvic bones and liver. This, 
of course, is the classical early and late picture of a 
rhabdomyosarcoma. 

. Case 19. C.B. was a 4-year-old female who was 
admitted to hospital because of abdominal pain of one 
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Fic. 16.—Case 16. A-P and 
lateral intravenous pyelogram 
for abdominal mass which 
proved to be iliac abscess 
secondary to an_ infected 
circumcision. 


\J 


week’s duration. An abdominal mass could be palpated 
in the left upper quadrant separate from the left kidney. 
At operation this proved to be a teratoma which was 
almost a complete embryo with arm and leg buds. It was 
necessary to remove the left kidney and left adrenal gland 
in the course of the dissection (Fig. 19). 





Fic. 17.—Case 17. Displacement of bowel caused by pseudocyst 
of pancreas 11 days after epigastric injury. 
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Fic. 18.—Case 18. Upper gastro-intestinal series showing interruption of barium shadow in duodenum due to 
an enlarged common bile duct. Cholangiogram shows dilatation of common bile duct and its proximal intra- 
hepatic radicals. 


FIG. 
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19.—Case 19. Intra-abdominal teratoma attached to left kidney and adrenal gland, with X-ray of 
° teratoma following extirpation. 
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Fic. 20.—Case 20. Abdominal mass containing faecolith of 
calcific density; appendiceal abscess. 


Case 20. D.P. was a 54-year-old male with a two-week 
history of abdominal pain. In this two weeks the pain 
had become worse and the child had begun to vomit. At 
the time of examination there was severe abdominal 
tenderness and a mass could be palpated in the right lower 
quadrant. The films revealed a large soft tissue mass 
and a calcified mass within the large soft tissue density. 
This proved to be an appendiceal abscess with a faecolith 
(Fig. 20). 

Case 21. T.E. A 6-month-old girl entered the 
hospital with a referring diagnosis of Wilms’ tumour. 
On palpation of the abdomen there was a huge mass and, 
since palpation in the left upper quadrant moved the mass 
in the right upper quadrant and vice versa, the presump- 
tive diagnosis was a Wilms’ tumour in a horseshoe kidney. 


A flat plate of the abdomen revealed what looked a 


old barium enema of the colon. Since there was no su 
history, it was presumed that the shadow representeq 
calcifying faeces. A barium enema was carried out as a 
terminal aganglionic segment indicating megacolon was 
suspected. It was impossible to wash out the faecal 
impaction and at operation a colostomy was done. Six 
months later at the time of attempted pull-through 
procedure two lumina were noted in the bowel. It was 
then understood that we were dealing with a duplication 
of the colon. In the original films it was possible to see 
an air column streaking past the impaction of calcific 
density. The bowel was re-anastomosed after resecting 
the common wall between the two duplications (Figs. 21, 
22, 23). 

Case 22. L.S. This 3-year-old girl came into 
hospital because of pain in her left hip of one year’s 


1 





Fic. 21.—Case 21. Faeces of calcific density in duplication of colon with blind distal end. s 
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of true colon. 
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é FiG. 23.—Case 21. Post-operative barium enema showing duplica- 


tion proximally and single lumen distally. 
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Fic. 24.—Case 22. Post-operative film showing catheter in retro- 
peritoneal cavity communicating with duplication of stomach (neur- 
enteric cyst ?). 


duration. She had been studied in several hospitals for 
this period of time. The films of her pelvis were normal 
but a mass lesion was found in the left mid-abdomen 
which seemed to be extrinsic to the left kidney. At 
operation there was a retroperitoneal mass lying beneath 
the mesentery of the colon. On aspiration this produced 
thick material resembling motor oil which was evacuated. 
It was then obvious that an hour-glass constriction con- 
nected this sausage-shaped mass with a much larger mass 
which lay within the psoas muscle. This latter mass also 
contained the same thick grumous material. 

Further dissection revealed that the initial mass was a 
cystic structure with a lining somewhat resembling that 
of the stomach. It perforated posteriorly into a pseudo- 
cyst of the psoas muscle. Microscopical sections 
revealed gastric mucosa. This was a duplication of the’. 
stomach without attachment to any other intestina 
viscus (Fig. 24). In all likelihood with further dissectiory 
this lesion could have been proved to be a neurenteric 
cyst. 

One could continue to discuss abdominal tumours 
for a considerable period of time, calling upon JS 
experience with the commonplace as well as the 
bizarre. I trust these few examples of abdominal 
masses have served to place in proper focus the more 
serious and challenging aspect of the management of 
abdominal tumours in children, namely those 
malignant lesions which carry such a forbidding 
mortality. 
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ISABELLA FORSHALL 


From the Royal Liverpool Children’s Hospital and Alder Hey Children’s Hospital, Liverpool 


af : Just over 100,000 cases have been admitted to the 

< two main Liverpool Children’s Hospitals during the 
Jast 10 years; amongst these were 21 children with 
as 7 „pvarian new growths (Table 1). 








TABLE | 
OVARIAN NEW GROWTHS, 1949-59 





i No. of | 





oe Tumour Cases Left Right 
Cystadenoma 2 l ł 
Teratoma: , 
(a} Benign cystic T abet i2 7 5 
(b; Solid : f _ l 
Tumours of special morphology 3 3 _ 
Tumours of doubtful origin _ ; 3 3 j 
(one case had bilateral tumours) 
Petal. 21 14 8 
‘ Cystadenoma 


Cystadenoma, which accounts for 40-50% of all 
ovarian new growths, is a tumour of adult life, and 

cggimon in patients under 20 years of age. We 
sən two cases, a girl (E.G.) of 13 with a right- 
thin-walled, unilocular cystadenoma measur- 
ing 17 x 13 x 10 cm., and a 12-year-old child 
(M.O.) with a small, left-sided, multilocular cyst- 
adenoma; neither of these two girls had menstruated. 








Teratoma 


Including all age groups, teratomas constitute 
10-15% of ovarian tumours, but over 50% of the 
tumours of children are of this type. Willis (1955a) 
succinctly defines teratomas as ‘embryonic tumours 
of pluri-potential, regionally non-specific tissue’. 
They possibly originate in foci of plastic polyvalent 

tissue, which escape the influence of the primary 
organizer (Willis, ]955b). Ovarian teratomas are 
-arbitrarily divided into: 

(a) the common, benign, largely cystic tumours, 

in which tissue differentiates and matures 


; * A paper read at g meeting of the British Association of Paediatric 
C Surgeons held in Liverpool in June, 1959. 





synchronously with the tissues of the host: 
and 

(b) the much less common solid or polycystic 

tumours, in which a great variety of tissue in 
different stages of maturity is found. They 
may grow rapidly and are usually malignant. 

Though benign cystic teratomas consist largely of 
ectodermal tissue, skin with sweat glands and hair 
follicles, tooth buds or teeth and sebaceous material, 
endodermal and mesodermal tissue is always 
represented. Cartilage, muscle, intestinal and 
bronchial epithelium and nervous tissue are com- 
mon. The contents of the cyst may be mucous or 
cerebrospinal fluid, in addition to or to the exclusion 
of the more usual sebaceous material. 

The right ovary is affected more often than the 
left, and in 10°% of cases there are bilateral tumours. 

Radiological examination shows teeth, cartilage, 
bone or calcification in the cyst wall in 75% of cases. 

Ovarian teratomas have been described in infants. 
They are, however, rarely encountered in children 
under 3 years of age. In a child the cyst is seldom 
larger than the patient’s head. 

Children with teratomatous cysts present in three 
ways: with enlargement of the abdomen; with 
abdominal pain, which may be either continuous or 
intermittent; or as urgent emergencies with torsion 
of the cyst pedicle. 

Torsion is the commonest complication and is 
recorded in | in 4 or I in 3 of large series of cases 
(Peterson, Prevost, Edmunds, Hundley and Morris, 
1955). 

The development of carcinoma in a benign cystic 
teratoma is not uncommon in adults, usually in 
those past middle life, in whom the tumour has 
probably been present for a long time. It is 
doubtful whether this complication ever occurs 
before puberty. 

We have seen 12 children with teratomatous cysts: 
the main features of these cases are summarized in 
Table 2. 

Solid or polycystic teratomas are, by and large, 
rapidly growing and highly malignant. They tend 
to metastasize via the blood stream to the lungs. 
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TABLE 2 
BENIGN CYSTIC TERATOMAS , 
scemovnannnansemeeeseatnanaemiaa AcE AA TE AATEC ROTTER 
Case : Age (yr.) : History Radiograph Torsion Side Histology 
S.J 3 4 wk. pain, vomiting, : Positive Yes Left : Teratomatous cyst; sebaceous material, hair, 
, constipation : p teeth, muscle 
EL, 10 | 3 yr. pain left-sided | Positive No Right Teratomatous cyst; sebaceous material, 
o : , a hair, teeth 
RS. | 5 _ Increasing abd. swelling; pain ; — No | Right ‘Dermoid cyst’, very large 
H.C. 8 | Increasing abd. swelling ; mae Yes Lett ‘Dermoid cyst” 
CP. 10 3 mth. intermittent left abd. | mom Yes | Right © “Dermoid cyst’, twisted with one horn of 
; pam; vomiting; pain on: l bicornate uterus 
defaecation he ! , : 
J.R. 7 | Abd. pain and vomiting Negative Yes Left ‘Dermoid cyst’ 
C.W. | 10 | Abd. enlargement, pam Positive No Left aTi aia cyst; skin, hair, cartilage, 
i E rain 
B.G. | HI _ 2 yr. abd. pain ; nausea | Negative No Left ‘Dermoid cyst’ 
WT. 12 | 2yr. vague pain; 3 wk, severe Positive No Left Teratomatous cyst; skin, teeth, hair, bone, 
oe . pain . ; ie cartilage, lung, nervous tissue 
RC, | 5 ET TEER of abdomen since | Positive No | Righi Teratomatous cyst; f2 x | x 6 in. 
i i art id 
P.M. | it | Few mth. intermittent abd. pain Positive No Left Teratomatous cyst; calcified wall, bon 
| muscle, tooth, columnar  eptheliws 
| ; ; oe a 13 x 10 x Bin. 
L.S. 13 Few days left-sided abd. pain Positive No Right Teratomatous cyst ; hair, sebaceous material, 


cartilage, mucous glands, columnar ciliated 


epithelium; cyst lined squamous epithelium 


10 x 6 x 44# in. 





Very rarely precocity and uterine bleeding have been 
associated with malignant teratoma containing areas 
of chorionic carcinoma. 

We have seen only one solid teratoma; it 
occurred in a 12-year-old girl (J.N.) who had a large, 
easily visible, abdominal swelling. At operation 
there was bloody peritoneal fluid and the tumour 
had transgressed its capsule at two points ; it was 
considered to be malignant. The pathologist, how- 
ever, reported that, though the tumour contained 
the typical conglomeration of tissue, there was no 
definite evidence of malignancy. The child is well 
four years post-operatively. 


Tumours of Special Morphology 


(a) Granulosa Cell Tumour or Granulosa Cell 
Carcinoma, and Theca Cell Tumour. These tumours 
contain cells similar to those of the zona granulosa 
and theca interna of the normal ovary. Willis (1948) 
believes that they originate in normal follicular 
tissue or from the bi-potential formative ovarian 
stroma. Granulosa cell tumours usually contain 
some theca cells and, though theca cell tumours are 
more often ‘pure’, they often contain areas in which 
granulosa cells can befound. The rare luteal tumour 
causing similar symptoms is probably a granulosa- 
theca cell tumour which has undergone luteinization. 

In keeping with tumours of other endocrine 
glands, granulosa and theca cell tumours may, or 
may not, produce hormones. 

Granulosa cell tumours are said to constitute 10% 
of all solid ovarian tumours; 5% of the total number 
recorded have occurred in children (Morris and 
Scully, 1958a), This estimate of the relative fre- 


quency of the tumour in children is probably tor 
high. A hormone-secreting tumour in a child 
would almost certainly be published, whilst 
such a tumour in an adult might well cause less 
interest. Wilkins (1957) states that 33 granulosa 
cell tumours causing precocious puberty in children 
of 74 years or under have been recorded. He has 
followed the exacting discipline of paediatric endo- 
crinology for 20 years and has seen only a single 
case. Morris and Scully (1958b) state that 60 
granulosa cell tumours and four theca cell tumours 


have caused precocious sex changes in prepubertale 


children. The disparity between 33 and 60 p 
reflects a difference of opinion between $i 
authorities about the age at which sex char | 
considered to be precocious. The youngest reported 
case of a granulosa cell tumour is a 14-week-old 
infant with bilateral tumours (Zemke and Herrell, 
1941). 

Uncommon as the granulosa cell tumour is, it is 
the most frequent ovarian cause of sekual precocity. 
The oestrogen-secreting tumour causes enlargement 
of the uterus, endometrial hyperplasia and bleeding, 
which may be slight or profuse, continuous or inter- 
mittent. In about half the reported cases it has been 
cyclical. Bleeding may occur only after removal of 
the tumour (oestrogen-withdrawal bleeding); on the 
other hand, it has often been the initial symptom; 
it is anovular and the other ovary remains normal for 
the child’s age. There is development of the vulva 
and vagina and the vaginal cytology is of adult type. 

Secondarily induced development of the breasts 
and growth of sexual hair commonly occur but are 
not invariable. Body growth is stimulated and the 
child is likely to be tall for her age. . 







Unfortunately few oestrogen assays have been 
made in children; in those recorded, the urinary 
oestrogen figures have varied from normal adult to 
very high levels (Wilkins, 1957). 

As first pointed out by Gross (1953), all granulosa 
cell tumours, which have caused symptoms of 
oestrogism in children, have been readily palpable 
on abdominal examination. This is an important 
point in the differential diagnosis of bleeding or of 
sexual precocity. 

In adults, symptoms of hyperoestrinism have been 
produced by tumours as small as 1-5 cm. in diameter. 
It is therefore possible that cell for cell the granulosa 
x., cell tumours of children produce less oestrogen than 
-the tumours of adults. 

) In children under 8 or 9 years, the age at which 

the ovary normally begins to undergo pre-pubertal 

changes, regression of sexual development takes 

place after removal of a granulosa cell tumour. In 

children over this age little change occurs apart from 

. cessation of bleeding and reduction in the size of the 
uterus. 

No long-term follow-up of cases which have 
had granulosa cell tumours removed in childhood 
is available. It is, however, known that a second 
tumour may develop in the other ovary many years 
after a granulosa cell tumour has been removed, and 
that intraperitoneal recurrences may appear a long 
time after a patient is thought to be cured (Diddle, 
1952). Distant metastases may occur but are not 





common. The mortality for granulosa cell tumour 
in adults is about 50% 
figher the mortality. 


and the longer the follow-up 
The histology of the 





We have seen only one child (C.E.) with a 
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granulosa cell tumour (Table 3). She was admitted 
aged 11 months with a cystic, easily palpable tumour 
which had undergone torsion. Enlargement of the 
breasts was just appreciable, and there was a faint 
down of dark pubic hair. There was no history of 
bleeding, but she had a slight blood-stained vaginal 
discharge for 48 hours after operation. 


(b) Arrhenoblastoma, Hilar Cell or Sertoli-Leydig 
Cell Tumour. These tumours, which characteristic- 
ally cause masculinization, are rare at any age, and 
excessively rare before puberty. An arrhenoblas- 
toma in a girl of Ii years with symptoms of 
masculinization is, however, described (Thomas, 
Fisher, Turnbull and Krieger, 1952) and Morris and 
Scully (1958c) mention a Leydig cell tumour causing 
virilism in a girl of 4 years. 


(c) Germinoma. This is a non-hormone-secreting 
tumour, composed of cells of embryonal type, 
resembling the sexually undifferentiated germ cells 
of the early gonad. 

Disgerminoma of the ovary is histologically indis- 
tinguishable from seminoma of the testicle. The 
former has a high incidence in pseudo-hermaphro- 
dites and patients with hypogonadism, and seminoma 
has a predilection for incompletely descended 
testes; either tumour is occasionally bilateral. 
Interesting differences are that, in spite of seminoma 
being more easily diagnosed whilst the tumour is 
small, the mortality for seminoma is higher than 
that for disgerminoma. The difference in age 
incidence is very remarkable. Disgerminoma is a 
tumour of the young; three-quarters of the cases 
recorded have been under 30 years and half under 
20 years, though no instance of the tumour has been 


TABLE 3 
TUMOURS OF SPECIAL MORPHOLOGY 





Age History Clinical Findings 


+ 


if mth. | Abdomen always Large cystic lower 


Treatment 


Oophorectomy 


prominent; rapid in- 
crease last few days; 
acute abdominal 
pain; vomiting 


abd. tumour; definite 
slight mammary en- 
largement; faint 
down of dark pubic 
vair 


meenemen tact etree nae e n amaaa a anian a enAnnan uin inire mana T 


Abdominal pain ; 
dysuria; pyrexia 


‘As big as a child of 
8 yr; large solid 
tender mass left 
lower abdomen and 
pelvis 


$ 


Excision of tumour, 
uterus, Ovary, part of 


colon and parietal 
peritoneum ; radio- 


Diagnosis Result 


<A4AtAereretenmere tantra eR UrUONRAAReeO {tats . min Attn OERA AAAA AARAA etann Semana tannin ganita inima nn yan ete RAN annn ANARA EAA SPARE 


Granulosa cell tumour; 
large polycystic; uterus | 
enlarged, other ovary 
normal: torsion 


| complete 
regression of sex 
changes; well 3 yr. 


Disgerminoma ; solid | 
tumour as big as large | 
grapefruit ; adherent to | 
and infiltrating pelvic 
organs and parietal 
peritoneum 


sigmoid | 
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LD 





| days 


{At 3 yr, undescended 
testes, right gonad 
biopsy. testes, repair 
hypospadias); acute 
abdomina 


H 


Large lower 
tumour; urinary 17- 
ketosteroids 4 mg./ 
day; sex chromatin 


pain 6 ---negative, male 


‘Oophorectomy’ ; 
radiotherapy 


Germinoma; ? disger- | 
minoma; ? seminoma; | 
large solid tumour, | 
small uterus, fallopian | 
tubes and broad liga- 

ments; torsion | 


zair 
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recorded in a child under the age of 7 years. Semi- 
noma is most frequent early in the fifth decade, very 
rare before 20 years, and the youngest case recorded 
was 16 (Bell, 1938). 

Disgerminoma is a smooth, solid tumour, grey or 
greyish-pink in section. It has a tendency to undergo 
necrosis, to transgress its capsule and invade 
neighbouring pelvic organs and sometimes lymphatic 
glands. Distant metastases occur, but uncommonly. 
In cases followed up over long periods the mortality 
is about 50°, (Morris and Scully, 1958d). 

Our first case (J.B., Table 3) apart from her 
tumour showed no abnormality except that she was 
very small for her age. She is chromatin-positive. 

The second case (J.D., Table 3) occurred in a child 
who is chromatin-negative. The gonad on the left 
was entirely replaced by tumour, so that it is not 
possible to know whether it was an ovary, a testis 
or an ovo-testis. The tumour was intra-abdominal 
and there was a uterus and two fallopian tubes; the 
other gonad is, however, an incompletely descended 
testis. The child’s development since the tumour 
was removed appears to be conforming to the male 
pattern. In view of the patient’s age, this tumour 
is best designated a germinoma rather than either 
a seminoma or disgerminoma. 

Tumours of this group which, from their mor- 
phology, would be expected to secrete oestrogens 
or androgens may be inactive; less commonly, a 
tumour containing granulosa cells produces an- 
drogens and a tumour containing Sertoli-Leydig cells 
causes feminization. 

Germinomas, which are characteristically non- 
hormone-secreting, have occasionally produced sex 
hormones. 


Tumours of Doubtful Origin 


Three cases have been grouped under this heading 
(Table 4). 

One was a highly malignant anaplastic carcinoma 
in a girl (J.T.) of 13 months, which conformed 
histologically to the tumour described by Schiller 
(1939) as a mesonephroma. Morris and Scully 
(1958e) include this growth amongst the malignant 
teratoid tumours. 

The second was a large, sclid tumour in a girl 
(J.C.) of 83 years. Histologically it was a highly 
malignant undifferentiated carcinoma. The possi- 
bility of its being a hormonely inactive granulosa cell 
carcinoma, or even a disgerminoma, is not excluded: 
in favour of one or other of these diagnoses is the 
fact that the child is well four and a half years after 
operation and radiotherapy. 

The third child (V.T.) presented during life, and 
at autopsy, a picture so confusing that the case is 
left without comment. 

Secondary malignant tumours of the ovary are 
common in adults, but in children they are very rare; 
Grob (1957) has described bilateral ovarian tumours 
secondary to lymphosarcoma of the neck. In this 
case a very careful search at autopsy disclosed no 
alternative primary growth. 


Treatment 


An ovarian tumour should be removed, and the 
sooner the better; it may be malignant and a few 
days may make a difference in prognosis. ia 
incision should be made, and the pedicle 
tumour should be clamped at the first A a 


TABLE 4 
TUMOURS OF DOUBTFUL ORIGIN 





Case | i 








Age History Clinical Findings Treatment Diagnosis Side | Result 
IT. 13 mth. | Enlargement of : Firm, mobile abdo- | Oapherectomy | Anaplastic carcinoma : Left | Death 4 mith. 
; . abdomen | minal tumour : | (mesonephroma) | Abdominal meta- 
| j i | stasis 
J.C. | 8ł yr. Enlargement of - Large, solid, lower ; Oophorectomy : i Solid; tumour through Left Well 44 yr. 
; : abdornen , abdominal tumour — radiotherapy i capsule: blood and 
; : ; -clumps of tumour cells 
; i ; in peritoneal fluid ; : 
i : undifferentiated carci- : 
i l ; noma: 7? granulosa ; 
; l | ; cells. W. 435 g, | 
V.T. | I3yr. 2 mth general H | Abdominal and pel- Radiotherapy started | : Autopsy: bilateralovar- Left. | Death 
; health, pain, anaemia! vic mass; ascites; — but discontinued jan tumours; search | 
; intestinal bleeding | clinical features and | _ revealed no alternative . 
} i blood picture of | | primary growth. His- ; 
| widespread tological features of | 


, malig- | 
| i Mant process l 


: anaplastic carcinoma | 
i rather than malignant | 
| reticulo-endothelial ; 
: disorder ; probably | 
} primary ovarian growth | 
i E 


H ; E : 





h 





moment to prevent dissemination of malignant cells 
vid the blood stream. 

The fallopian tube should be preserved in 
obviously simple cystic tumours. The second ovary 
should be examined; it may contain a small tera- 

* toma or granulosa cell tumour, removal of which by 
-dissection will preserve some ovarian tissue. 

Cases of granulosa cell tumour and disgerminoma 
have recovered when the tumour has spread beyond 
its capsule and invaded other pelvic organs so that 
radical excision is justified and may be rewarding. 

There is little authoritative guidance about when 
to use, and when not to use, radiotherapy, and the 

* . decision may be very difficult. Not only will 
j irradiation cause sterility, but growth and the 
‘pattern of growth may be impaired. 

It is probably true to say that anaplastic carcino- 

mas, malignant teratomas and tumours which 
histologically resemble chorionic carcinoma will be 

- , “iim è ; 

little influenced by radiotherapy. 

Granulosa cell tumours and disgerminomas are 
radio-sensitive, and there is definite evidence that in 
adults the prognosis, after removal of these tumours, 
is improved by radiotherapy (Santesson, 1947). 
Therefore, if it has been necessary to remove as 
well as the tumour the uterus and second ovary, or 
if the peritoneal fluid contains tumour cells, or if 
the report of the pathologist suggests a highly 
malignant growth, radiotherapy should be given. 

Hf the tumour is intracapsular and the patho- 
logical report is favourable, x rays should be with- 
æ held. 

Gffis who have had both ovaries removed, or one 
remo d and the other destroyed by x rays, should 
have the benefit of endocrine treatment at 13 to 
16 years of age so that they may, as far as possible, 
conform tothe female pattern. 
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The literature shows that ovarian tumours are 
more frequently right- than left-sided, and this is 
especially true of teratoma and disgerminoma. 

In this series of 21 cases (22 tumours), 14 were 
left-sided and eight right-sided (Table i). This 
emphasizes the fallacies inherent in conclusions 
based on small series of cases, 


I gratefully acknowledge the help of Dr. E. G. Hall 
and Dr. J. S. Elwood, pathologists to the two hospitals, 
and thank Mr. P, P, Rickham for allowing me to include 
some of his cases. 
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Primary liver tumours occur in infants and 
children with sufficient frequency to justify careful 
evaluation of current techniques in diagnosis and 
management and to review the pathological 
classification of this group of neoplasms. In the 
past nine years (1950-1958) 15 such cases have been 
diagnosed at the Columbus Children’s Hospital, all 
presenting as clinical problems; an analysis of these 
cases forms the substance of this report. During 
the same period of time 46 cases of neuroblastoma 
and 17 cases of embryoma of the kidney (Wilms’ 
tumour) have been treated at this institution. 

Although the treatment of liver tumours, as 
judged from a résumé of individual case reports in 
recent years, has been encouraging, the overall 
results achieved in significant series have been 
disappointing and have perhaps fostered a generally 
hopeless outlook for young patients with such 
lesions (Donovan and Santulli, 1946; Wangensteen, 
1951; Lortat-Jacob and Robert, 1952; Quattlebaum, 
1953: Brunschwig, 1953; Pack and Baker, 1953; 
Lorimer, 1955; Clatworthy and Boles, 1956). In 
the series from Babies’ Hospital in New York City 
analysed by Andersen (1951) there was only one 
long-term survivor in 12 cases occurring over a 
15-year period. This patient remained well over a 
six-year follow-up period after excision of the left 
lobe of the liver had been performed for a mesen- 
chymoma. Gross, in a review at the Boston 
Children’s Hospital, reports two apparent cures out 
of 18 such cases. One of these received radiotherapy 
for multiple haemangiomas and has been in excellent 
health for seven years thereafter; the second has 
been well over a 10-year period after having a wedge 
resection of a small haemartoma. 

Safe techniques for the resection of the left lobe 
of the liver have been available for many years, and 
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* A paper read at a meeting of the British Association of Paediatric 
Surgeons held in Liverpool in June, 1959. 
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there are numerous reported successful cases of this 


procedure applied to removal of neoplasms confined 4 


to this lobe. Most of these were performed on adult, 
patients, but a number were in children. Atore 
recently the technique for total resection of the right 
lobe of the liver was evolved, whereby the dangers 
of haemorrhage, air embolism, bile peritonitis and 
subsequent liver failure are minimized (Wangen- 
steen, 1951; Lortat-Jacob and Robert, 1952: 
Brunschwig, 1953; Pack and Baker, 1953; Quattle- 
baum, 1953; Lorimer, 1955). The application of 
one or the other of these procedures should permit 
the surgical excision of most liver tumours which 
are not centrally placed or diffuse or multicentric 
lesions. 


Diagnosis 


The vast majority of primary neoplasms Yo the 
liver produce symptoms in the first two years®f.life. 
Only two of the 15 cases in this series had the onset 
of symptoms after 2 years of age, and in three 
instances the clinical manifestations were present in 
the neonatal period. 

Abdominal enlargement due to a palpable 
abdominal mass is by far the most common present- 
ing complaint. The distribution of these tumours 
in the liver, and hence the location of the mass, 
seems to follow the distribution of the liver mass. 
Of these 15 tumours, nine were in the right lobe, 
three in the left and two were situated centrally. 
One was diffuse. In most instances the mass was 
in the right upper quadrant, and less often in the 
mid-epigastrium. The mass moves with respirations. 
Its characteristics on palpation vary considerably, 
but most tumours are hard and rounded and 
inseparable from the liver edge. Transillumination 
is a useful tool in diagnosis since a liver tumour 
which transilluminates is almost certainly a large 
lymphangioma. 

Other clinical manifestations observed in ‘this 










series include anorexia, fever, weight loss and rarely 
jaundice. This latter sign was observed in only a 
singie case in this series, a 14-year-old girl who died 
from a liver cell carcinoma associated with post- 
necrotic cirrhosis. In a single instance, heart failure 
in a newborn infant progressed to death at 8 weeks, 
with the pathclogical findings of diffuse haemangi- 
omas in the liver, skin and pancreas, as has been 
previously described by Winters, Robinson and 
Bates (1954) and by Levick and Rubie (1953). 
Roentgenolcgical studies are useful in distinguish- 
ing hepatic tumours from embryomas of the kidney 
and neuroblastomas. An intravenous pyelogram is 
_particularly helpful. The kidneys function normally 


‘pand are usually in normal position in right-sided 
“tumours, although the pelvis and calices may be 


compressed. Distortion of the pelvis and calices, 


“as seen with a Wilms’ tumour, is not present, nor is 


teral displacement of the kidney, as with a neuro- 
blasf&na, common. The mottled calcification so 
characteristic of neuroblastoma was not observed, 
although calcification has been described in some 
liver tumours. Barium studies of the gastro- 
intestinal tract show displacement of these viscera 
away from the tumour as one would expect. Down- 
ward displacement of the duodenum and hepatic 
flexure of the colon is seen with neoplasms of the 
-right lobe, in contrast to the forward or medial 
displacement usually seen with a renal embryoma or 
neuroblastoma. 


Laboratory tests have been of little diagnostic 


~ value jn these cases. Liver function studies were all 





essegally normal except in the case of the child 
with dffuse post-necrotic cirrhosis. Abnormalities 
in the liver function tests should lead one to question 
the diagnosis of primary liver tumour. For example, 
a diagnostic error was made in a newborn infant, 
admitted at 2 days of age with jaundice and a large 
epigastric mass. The jaundice persisted as well as 
other laboratory evidence of disturbed liver function. 
At operation’at 3 weeks of age the mass proved to 
be a hard, nodular, grey-white ‘tumour’ occupying 
the left lobe. Resection of the left lobe was per- 
formed and the child recovered without difficulty. 
However, on microscopical examination this proved 
to be a large cirrhotic nodule possibly associated 
with pest-intrauterine hepatitis, with marked fibrous 
tissue proliferation, replacing the normal architecture 
of the hepatic tissue. The hepatic cells were com- 
pletely or partially destroyed and showed irregular 
arrangement. The bile ducts appeared to be 
increased. It is interesting that the jaundice dis- 
appeared within a month after operation and the 
infant has been perfectly well over a subsequent 


-= eight-month period. 
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Classification 


The wide variety of gross and microscopical 
characteristics of primary liver tumours and the 
relatively small number of such cases collected at any 
one institution have made the adoption of a uniform 
classification difficult (Warvi, 1944; Edmondsen, 
1956). To add to the problem is the fact that the 
clinical behaviour is not always correlated with the 
microscopical appearance, so that a classification 
based on the pathological data alone appears to be 
unsatisfactory. For practical reasons it therefore 
seems appropriate to group these tumours in three 
broad categories: 


1. Tumours of Hepatic Cell Origin. This group 
is made up of all tumours derived from entodermal 
cells and includes hepatomas, cholangiomas and the 
cholangiohepatomas. There were no adenomas in 
this series and the hepatomas have invariably 
behaved as malignant lesions, although the histo- 
logical appearance may suggest benignity (Fig. la 
and b). 


2. Tumours of Supporting Structures. This 
group comprises those tumours of mesodermal origin 
including fibromas, haemangiomas, lymphangiomas, 
fibroangiomas and mesenchymomas. Such neo- 
plasms may be benign, as are most of those in this. 
series, or malignant. 


3. Mixed Tumours and Teratomas. Such tumours 
contain cells derived from more than one germ layer. 
Osteoid tissue, for example, may be seen in liver cell 
tumours. Teratomas are distinctly rare (Fig. 2). 


In this series hepatoma was the most common 
tumour encountered, occurring in 10 cases. Five 
were in the right lobe, two in the left and two were 
centrally positioned. In eight cases symptoms 
developed in the first two years of life, and the ninth 
patient had his initial symptoms at 2 years 11 months 
of age. None of these nine patients had associated 
cirrhosis so commonly found in adult cases. How- 
ever, as already mentioned, the tenth case occurred 
in a 14-year-old girl with post-necrotic cirrhosis of 
the liver. There were no instances of adenomas or 
exclusively bile duct tumours among these cases and 
only a single case of histologically benign cholangio- 
hepatoma occurring in the right lobe of a 10-week- 
old infant. 

Among the tumours of supporting tissue origin 
were one diffuse haemangioma, two lymphangiomas 
and one fibroangioma. There were no mesenchy- 
momas, mixed tumours or teratomas. Both 
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Fic. 1 (b).—-Gross and microscopical appearances of a very rapidly 

growing anaplastic hepatoma of left lobe of liver easily resected with 

wide margin of normal liver substance in a 2-year-old infant who 

succumbed to multiple recurrences in right lobe of liver within five 
months. 
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Fic. 2.—Gross and microscopical appearances of mixed tumour of 
liver in a young child; it contained highly undifferentiated hepatoma 
as well as areas of osteoid tissue. 








Fic. 3.—Gross and microscopical appearances of a huge rapidly 

growing lymphangioma involving entire right lobe of liver which was 

successfully excised from a 9-month-old infant who is well nine 
months later. 
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lymphangiomas were found in the right lobe of 
infants, one 44 months and the other 9 months of 
age (Fig. 3). The patient with diffuse haemangio- 
matosis, already noted, had symptoms at birth. The 
liver of this patient had numerous small capillary 
haemangiomas scattered diffusely throughout all 
- portions of the liver parenchyma. The single case 
of fibroangioma was a newborn infant with the 
neoplasm originating in the left lobe. 

There is a strikingly similar gross appearance of 
many of these tumours, so that differentiation by this 
means alone is often quite unreliable. Similarly, the 
differentiation microscopically of benign and 
malignant liver cell tumours is occasionally virtually 
impossible. In one of the hepatomas in this series 
the cytology and architecture were most suggestive 
of a benign neoplasm, but the presence of metastases 
established the malignant nature of the tumour. 


Treatment 


Effective treatment of primary hepatic neoplasms 
is at present limited almost entirely to surgical 
resection. Radiotherapy may be of value in 
haemangiomas, as suggested by Gross, and in one 
of our cases of inoperable hepatoma radiotherapy 
resulted in definite regression in size of the tumour 
mass. Systemic chemotherapy has not been of value 
to date. 

In tumours limited to either the right or left lobe, 
surgical removal by total right or left lobectomy is 
a practical procedure. Such procedures take 
advantage of the anatomical division of the organ 
into right and left lobes, each with a largely separate 
blood supply from the hepatic artery and portal 
vein. Control of the blood supply and the bile duct 
system at the hilum of the liver plus similar control 
of the hepatic veins draining into the inferior vena 
cava make possible such resections without excessive 
risk from haemorrhage, air embolism, or bile 
peritonitis. 

In such a procedure for a tumour involving the 
right lobe the diagnosis is confirmed and operability 
determined through an abdominal incision. If 
resection appears possible the abdominal incision 
is joined or extended by an incision into the right 
chest through the seventh or eighth intercostal space, 
and the right diaphragm is divided down to the vena 
cava. Umbilical tapes are then placed around the 
inferior vena cava just below the right atrium and 
above the renal veins. The hilar structures are freed 
and the appropriate branches of the hepatic artery, 
portal vein and hepatic duct are carefully identified, 
ligated and divided. The short hepatic veins from 
the right lobe to the vena cava are next ligated and 
divided. This is the most dangerous part of the 


s 
procedure since extension of the tumour into this 
area may not be appreciated until this part of the 
dissection is under way, and if such extension is 
encountered there is a considerable risk of haemor- 
rhage or air embolism. The previously placed tapes 
on the vena cava and control of the hilar structures 
permit control of such a situation. Following this 
the liver is transected to the right of the falciform 
ligament down to the vena cava. During the actual 
transection the hilar structures are cross-clamped 
with a Pott’s clamp. Interruption of the blood 
supply by this means can safely be tolerated by the 
liver for about 15 minutes, and probably longer 
with the controlled moderate hypothermia (90°-. 
92° F.) customarily employed in these cases. All ° 
visible blood vessels and bile ducts are ligated as the 
dissection proceeds. If the gallbladder is not in- 
volved, it may be peeled out of its bed before the 
transection and used after removal of the oe 
retrograde injection of a methylene blue sofon. ° 
By this means additional bile ducts can be visualized 
and ligated. The falciform ligament and posterior 
peritoneum are used to reperitonealize the raw 
surface. If this is not sufficient, a layer of com- 
pressed Ivalon may be sutured in place to cover the 
remaining raw area. Penrose drains are placed to 
drain the right subdiaphragmatic space so that a 
localized collection of bile or a bile peritonitis will 
not occur. 

The left lobe can be mobilized more easily than 
the right and this can ordinarily be done through an 
upper abdominal incision by dividing the peritoneal _ 
attachment to the diaphragm and the faleiform — 
ligament. It is quite easy to place a row of inter- 
locking mattress sutures just to the left of the 
falciform ligament. and resect the left lobe. It has 
not been found necessary to perform a hilar dis- 
section or to occlude the hilar structures during this 
procedure. Again, however, reperitonealization of 
the raw surface and drainage are important steps. 


Results 


There have been no long-term survivors in the 
10 patients with hepatoma. In one, the diagnosis 
was not made until post-mortem examination and 
no treatment was given. In two, only exploration 
and biopsy were performed, and both died within 
three months. In two others, exploration and 
biopsy were followed by radiotherapy.. The tumour 
mass strikingly decreased in size in one of these, 
but none the less the patient lived only six months 
after completion of the treatment. The other lived 
only four months after therapy. 

Right lobectomy was performed in four patients 
and there were three early deaths. One of these 
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patients died from operative haemorrhage, and a 
second from haemorrhage and air embolism. A 
third unfortunate death resulted from staphylococcal 
peritonitis and septicaemia two weeks after opera- 
tion and at autopsy no tumour was found. All 
three deaths must be considered preventable. The 
first two cases were in retrospect inoperable because 
of tumour invasion across the midline posteriorly 
in the area of the hepatic veins. The third death 
presumably followed contamination in the operating 
room or via the drain site. The fourth patient who 
had a resection of the right lobe died at home 
two and a half months after operation following a 
brief acute illness suggestive of intestinal obstruc- 
tion. The patient was not returned to the hospital 
during this illness and no autopsy was performed. 
A left lobectomy was performed in the final patient, 
and he died with massive metastases in the right 
lobe seven months after resection. This last patient 
had been known by his parents to have an abdominal 
lump since 3 months of age, but no treatment was 
sought until 15 months later at which time a huge 
tumour in the left lobe was found. 

The single patient with a cholangio-hepatoma hada 
resection of the right lobe of the liver at 10 weeks 
of age (Fig. 4). He is living and well 12 months 
later with no evidence of recurrence. 

Both patients with giant lymphangiomas had 
tumours occupying almost all of the right lobe. 
Resections of the right lobe were done at 5 and 
9 months, and both patients are in good health 





Fic..4.—A 10-week-old infant one week after total right hepatectomy 
for cholangio-hepatoma. 
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FiG. 5.—Microscopical appearance of liver removed at autopsy from 
an 8-week-old infant with multiple diffuse haemangiomas who had 
been under treatment since birth for ‘heart failure’. 


six and a half years and nine months later. The 
infant with a fibroangioma of the left lobe had a 
left hepatectomy at 3 weeks of age, and is well 
14 months later. 

None of the long-term survivors after resection 
of the right or left lobe shows any evidence of 
impairment of liver function. Although in all cases 
there was a plateau in weight gain for a few weeks 
after operation, subsequent growth and develop- 
ment patterns have been entirely normal. 

The patient with diffuse haemangiomas of the 
liver, as well as of the pancreas and skin, was treated 
for heart failure from birth and died at 8 weeks of 
age. The diagnosis was made from the autopsy 
findings (Fig. 5). 


Discussion 


Primary liver tumours are not rare paediatric 
problems. Without treatment the prognosis is poor 
in both the malignant and benign varieties, as 
indicated by the larger reported series (Andersen, 
1951; Gross, 1953; Lee, Newstedt and Siddall, 
1956). With adequate surgical resection the prog- 
nosis in cases of benign tumours is good, and after 
such treatment normal growth and freedom from 
liver impairment may be expected. The outlook 
for patients with malignant tumours, even after 
operation, has thus far been poor, but with the 
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development of more adequate techniques in 
achieving wide resections there is reason to believe 
that success may be achieved. One remarkable 
exception is the case reported by Lee er al. (1956) 
of an infant with a huge hepatoma confirmed by 
biopsy. No treatment was given but spontaneous 
regression occurred and the child was reported in 
good health 10 years later. 

Establishing a clinical diagnosis of a primary liver 
tumour is ordinarily not difficult; however, the 
differentiation of a benign from a malignant tumour 
clinically or at operation may be quite impossible. 
Two such dilemmas occurred in this series. Since 
surgical excision currently affords the only chance 
of eradicating such lesions, it is our opinion that in 
the absence of distant metastases isolated lesions 
should be removed. 

The techniques of resection of either the right or 
the left lobe are sufficiently well developed to permit 
their application with a reasonable assurance of 
success. The major problems are haemorrhage, air 
embolism and bile peritonitis. An anatomical 
technique with control of the afferent and efferent 
blood supply, controlled hypothermia, reperitoneal- 
ization of the cut surface and adequate drainage 
are methods which contribute to the success of these 
procedures. 

Summary 


The majority of primary liver tumours which 
present as clinical problems in children are malignant 
and occur in the first two years of life. Such tumours 
develop in a normal liver, and are not super- 
imposed on a cirrhotic process as in adults. 

From the practical standpoint these neoplasms 
can be classified as (1) tumours derived from liver 
cells, (2) tumours derived from supporting cells, 


oe 


and (3) mixed tumours. Those derived from liver 
cells are malignant in the vast majority of ¢ases, 
although the microscopical picture of some is quite 
benign. | 

The solid tumours of the liver should be treated 
in a uniform manner, adequate surgical excision 
through normal liver tissues being the best available 
procedure. 

A surgical technique based on sound anatomical 
principles and planned to minimize the risks of 
haemorrhage, air embolism and bile peritonitis 
makes removal of these tumours by a resection of 
either the right or left hepatic lobes a logical and 
practical procedure. 7 
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1948) and it occurred to us at that time that a dis- 


RESULTS WITH ABDOMINAL RESECTION IN 
HIRSCHSPRUNG’S DISEASE* 


BY 


F. REHBEIN and H. VON ZIMMERMANN 


From the Surgical Department of the Children’s Hospital, Bremen 


For six years we have been practising abdominal 


s resection for Hirschsprung’s disease. The method 


is also known as segmental resection, anterior 
resection or State operation. 

The operative technique has, apart from certain 
small alterations, always remained the same. In the 
«application of this procedure certain aspects have 
been revealed which are important for the theoretical 
interpretation of the disease and also have practical 
significance, no matter which method is considered 
the best. 

We need not go into the fundamental work of 
Swenson and Bodian. Swenson himself presented his 
views in detail five years ago at the first meeting of 
the British Association of Paediatric Surgeons, and 
Ehrenpreis (1955) lectured on Hirschsprung’s disease 
in the newborn infant at the same time. 

In 1951 and 1952 we operated on our first cases 


according to Swenson’s method (Swenson and Bull, 


ais, 


section of the rectum might possibly lead to a 
disturbance of sexual potency, to incontinence and 
to disturbances in evacuation of the bladder. For 
this reason we switched to the State operation in 
1953. Meanwhile it has been proved that this 
anxiety was unfounded. Swenson (1957) reported 
that eight patients who had been treated surgically 
had become fathers and that six others, all over 20, 
had no disturbance of potency. Wyllie ( 1957) 
reported that; among the large number of patients 
from the Great Ormond Street Hospital, hardly any 
lasting disturbances of bladder function had been 
observed. Incontinence of faeces usually disa ppears 
after some time. Only Hiatt (1958b) reports 
lasting troubles in 16%. Injury to the pelvic 
vegetative nerves can however only be avoided if the 
dissection of the rectum is made close to the wall of 
the bowel. As Swenson himself says, this part of 
the operation is time-consuming and difficult. But 


Í -A paper read at a meeting of the British Association of Paediatric 
U Surgeons held in Liverpool in June, 1959. 
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this difficulty disappears when the intra-abdominal 
method is used. Thus it is simpler and can easily be 
withstood by weak infants. Only the simplicity of 
this procedure therefore induces us to keep on using 
it. 

Fig. | shows that the majority of cases were 
operated on between the ages of 6 and 12 months. 


Number of cases 





Fic. t.—-Age (vr.) of children at time of operation, 


From 1953 to 1958, 67 children were operated on in 
this way. In 56 cases there was the typical finding 
of a narrow segment. 

In 11 cases there was no narrow segment. These 
cases belong to the megarectum group. Patho- 
logical examination disclosed absence of ganglion 
cells at the lower portion of the resected bowel. 

In 60 of the 67 cases treated surgically the diag- 
nosis was confirmed histologically. In seven cases 
there was no complete aganglionosis. Besides large 
nerve trunks occasional ganglion cells were found 
throughout various sections of the lower end of the 
Specimen. We took these cases to be Hirsch- 
sprung’s disease also. 
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Operative Technique 


In abdominal resection the upper rectum is cut 
through. The resection either involves the sigmoid 
alone or more often extends to the splenic flexure. 
In 1952 State pointed out that in most cases the 
rectum, although aganglionic, is wide or at least 
distensible. In dissection of the upper rectum it can 
very often be seen how the narrow segment becomes 
somewhat wider in the lower direction. The level 
of the transection is about 1 cm. below the pelvic 
peritoneal floor (Fig. 2). This level is still easy to 
reach from an abdominal incision. The distance of 
the anastomosis from the anus varies according to 





Fic. 2.-~Level of transection is situated in upper rectum 1 cm. below 
pelvic peritoneal floor, Distance from anus varies from 6-10 cm, 


@ 
the age of the child, and the. peritoneal floor is some- 
times lower, sometimes a little higher. It is about 
6-10 cm. and can always be touched by the finger. 
The whole sigmoid at least must te removed. The 
wide lumen and the hypertrophied wall are not 
suitable for anastomosis. In addition resection of 
the sigmoid eliminates a reservoir in which faeces 
can accumulate. When the dilatation extends into 
the descending colon, we have resected as high as the 
splenic flexure. Even when the resection is extended 
to the splenic flexure, both lumina are not usually the 
same size, but the wall is no longer hypertrophic. 
Care must be taken in anastomosis to ensure that the 
surplus of the wide lumen is evenly distributed over 
the narrow lumen (Fig. 3). In the few Hirschsprung 
cases which had a wide aganglionic rectum but no 
narrow segment the problem was reversed. We 
always perform the anastomosis with an open bowel 
without clamps. A slight soiling of the operational 
area cannot always be avoided; breakdown of the? 
suture, infection or peritonitis have never occurred. 
In a large number of cases the anastomosis remains 
wide and can only be felt as a fine scar. The colon 
and rectum eventually attain the same calibre. In 


other cases a slight sickle-shaped projection exists to 


one side or all round. Occasionally a moderate or 
serious stenosis has occurred. Then part of the 
evacuation pressure is lost. But for the success of 
the operation it is conditional that the anastomosis 
is wide. 


Achalasia 

In one of the first cases which was operated on in ? 
this way five years ago abdominal distension and 
constipation recurred two years later (Fig. 4). 
Examination revealed that there was no stenosis of 
the suture. The remaining rectum had expanded. 
The ampulla was filled with soft faeces. After a 
vigorous sphincter dilatation and washouts, evacua- 
tion started again and the abdominal dilatation 
disappeared. This child has had no stool difficulties 
for three years. a 

It is very interesting that Thomas (1958) describes 
the same findings in two cases treated by recto- 
sigmoidectomy. This observation, which we also 
made in other children, is important and suggests 
that in a case of so-called recurrence the cause is a 
disturbance of anal function, of the evacuation 
reflex. Probably it is impossible for the sphincter 
to relax, in other words an achalasia; or, instead of a 
relaxation, a contraction occurs. This disturbance 
of co-ordination must already exist before the 
operation. But as long as there is a narrow segment 
this disturbance does not appear so clearly, as it is 
concealed by the narrow segment. It may be 
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Fic. 3.~—Great difference of calibre in common form of Hirschsprung’s disease (above): „and. in megarectum type (below), causes difficulties in 
anastomosing technique, Surplus of wide lumen must be eventy-distributed over narrow lumen. 


assumed that this disturbance of co-ordination is 


part of the whole disease and is also an expression of 
the defect of the parasympathetic nerve system of the 
pelvis. This theory of achalasia is an old one. In 
1934 Hurst proposed to treat Hirschsprung’s disease 
by dilating the sphincter. The result must however 
have been poor since nothing was known at that 
time of the importance of the narrow segment. 
Dilatation causes rupture of muscle fibres. The strong 
sphincter clostire is weakened and evacuation made 
easier. The weakening of the sphincter is intended to 
replace the active relaxation which is lacking. With 
abdominal pressure the weakened sphincter is over- 
come passively during defaecation. As we must 
assume that this achalasia exists in every case of 
Hirschsprung’s disease, we dilated the sphincter 
immediately after every operation. It soon appear- 


> ed that the desired effect was not permanent in some 


- cases, especially in infants. Apparently the severity 
of achalasia varies with different cases. The 
dilatation had to be repeated several times. From 
later examinations we ascertained that a powerful 
ʻ sphincter closure had often reappeared. Lasting 
-incontinence has never occurred. 





‘Immediate Post-operative Results 


Most children began to empty their bowels one or 
two days after the operation and no further measures 
were necessary. Other cases had to be helped from 
the start with a flatus tube and enema and it was a 
long time before they could evacuate on their own. 
The abdomen became again distended. A tube or 
the finger need be inserted only a few centimetres and 
gas and stool are evacuated and the abdomen 
collapses. Here we are dealing mainly with infants. 
The colon appears to have no power at all to propel 
stool in such cases and the slack abdominal walls 
cannot effect defaecation. But it also happens that, 
after easy emptying at first, difficulties arise because 
the anastomosis has a tendency to narrow. These 
difficulties can be surmounted if daily bouginage 
with very thick bougies is begun soon after the 
operation. Thus one can avoid stenosis of the 
suture and at the same time maintain the effect of 
sphincter dilatation. 


Later Results 


Six of the children on whom we operated died. 
All were infants. Five deaths had no immediate 
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(b) 


(a) 





(d) (e) 


Fic. 4.—8-year-old girl with signs typical of Hirschsprung’s disease (a-c) operated on five 
years ago; recurrence of symptoms two years after operation (d, e). Considerable dilatation 
of large bowel. Remaining rectum wide. 
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connexion with the operation. One of the first 


children died of peritonitis; perforation of the 
Another. 
The third 


-bowel had been caused by bouginage. 
-> child was found dead in bed at home. 
~<child died during an operation on an incisional 

hernia in another hospital. The next died also at 

“home, probably as a result of ileus. Another, in 
whom a colostomy had been done in the newborn 
period, died during closure of the colostomy. Only 
one child died two days after the resection, a 6- 
month-old infant with mongolism. 
>o We have examined many of the children since the 

operation or received written reports from their 
parents. Children who have been operated on this 
-*."year have not been taken into consideration. We 
have only been able to examine a certain number 
radiographically. We think, however, that they will 

suffice to give a picture of the results (Figs. 5-7). 

Thirty-seven of the 67 children have been com- 
“pletely relieved of their symptoms (Table 1), they 
TABLE | 


RESULTS OF ABDOMINAL RESECTION IN 67 CHILDREN 
WITH HIRSCHSPRUNG'S DISEASE 





| No.of | Laxative, Enema, Abdominal | 


; No 
Year | Cases | Distension _ Died Response 
“Nene Sometimes | Always l l 


1953-58: 67 7 11 9 jé, 4 





need neither enema nor laxatives, they have no 
abdominal distension and have bowel movements 


we” daily. Nine results were poor. The 11 children who 


are listed in the second group need laxatives and 
` enema occasionally*. A few sometimes show slight 
abdominal distension. Of course it would still be 
possible to record a few of these children as good 
results, Sixteen children empty the bowels once a 
day; the remaining children do this two or three 
times daily. Only in some of the cases are the 
motions solid; usually they are loose. With some 
children, who had initial difficulties in evacuation, 
the results have improved with the course of time, 
whilst others deteriorated some months or even as 
much as two years after the operation. It may be 
assumed that from approximately the third year 
after the operation the results remain steady. It is 
remarkable that even cases which are clinically 
completely free of symptoms and seem to be cured 
still show a certain dilatation of the colon. Wyllie 
(1957) made the same observation in his children 
after rectosigmeidectomy. Usually one can still 
detect the site of anastomosis fairly clearly. The 
rectum is distended. Cases with noticeable dilata- 


* Ten of these 20 cases have subsequently become symptom free. 





tion ean also be free of symptoms. The distended 
bowel is in the stage of compensation. This stage 
of compensation can last for years and is then 
practically equivalent to a cure, although the latent 
possibilit a deterioration or a slow retention of 
stool may exist in some cases. 






Discussion 


Not all cases are equally suitable for abdo- 
minal resection. The narrow segment can be 
situated deep in the rectum, and then anastomosis 
becomes difficult or impossible; or the narrow 
segment extends deep into the rectum. In the 
commonest forms of Hirschsprung’s disease, how- 
ever, when the narrow segment is situated in the 
rectosigmoid, abdominal resection can achieve good 
results. The most important thing for the success 
of the operation is that no obstacles to emptying 
should remain. No anastomotic stenosis must 
exist, nor any hindrance to evacuation because of a 
closure of the anus or a diminished ability to open. 
None of the narrow segment must be left, but most 
of the aganglionic rectum must remain. Because 
on radiological and rectal examination after the 
operation the rectum is wide, or at least distensible, 
we cannot believe that the remaining rectum is the 
cause of any failure. It is not a passive hindrance 
as is the narrow segment. If evacuation troubles 
occur, then the sphincter is responsible. Therefore, 
from this point of view also, a second operation is 
not necessary. 

In rectosigmoidectomy, transitory disturbances of 
continence occasionally appear as the reports of 
Swenson (1957), Hiatt (1958a), Wyllie (1957) and 
others show. This perhaps leads to the conclusion 
that with dissection of the rectum the achalasia of 
the sphincter is removed at the same time. A 
transitory disturbance of continence seems especially 
favourable with regard to final success. If the bowel 
can empty itself immediately without any hindrance 
in the post-operative phase, it has the opportunity to 
return to normal calibre and is not open to the 
danger of renewed dilatation. We know that it can 
return to normal calibre from the colostomy alone. 
If the sphincter then gradually regains its ability to 
close, the colon has time to adapt itself functionally 
to the sphincter. The question of a lasting weaken- 
ing of the sphincter seems to be the problem with 
abdominal resection. The function of the sphincter 
must be permanently weakened so far that contin- 
ence is just retained. A single dilatation of the 
sphincter can effect this. But the sphincter has a 
tendency to regain its ability to close tightly. Ifthat | 
happens, the dilatation must be repeated and it is 
necessary to continue treatment for some time with 
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(a) | (b) 





Fic. 5,—X-ray (a) before, and (b, c) six months after operation on a 
19-year-old boy. Large bowel completely filled and showing good emptying. 
Operation performed five years ago. Full relief of symptoms. 





(c) 
Fig. 6.— (a, b) X-rays of an infant with megarectum type of Hirschsprung’s disease; (c, d) follow-u 
of anastomosis can be seen. Good emptying. 
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(a) 





(c) 


FIG. 7.—5-year-old boy operated on at 6 months of age. 
and transverse colon a little more distensible than normal. 
in region of anastomosis. 


thick bougies. The reason why deterioration has 
been noticed in some of our patients since our 1958 
publication (Rehbein, 1958) is to be found in the fact 
that this systematic treatment, the necessity for 
which Wyllie (1957) has also pointed out, has not 
been sufficiently carried out. Up to now this treat- 
ment has given us good results in children in whom 
the earlier results had deteriorated. We may therefore 
assume that for the other children in the second and 
third groups of the Table there is still the prospect of 
acure. The passage from a good result to renewed 
constipation can be insidious and unnoticed. If, 
for example, the emptying of stool no longer takes 
place daily, or a slight abdominal distension is 
observed, or even if stool and gas have to be 
evacuated with the tube from time to time, that is a 
sign that the bowel is threatening to enter the stage 


ARCHIVES OF DISEASE IN CHILDHOOD 





(d) 


X-rays (a, b) before, and (c-e) four years after operation. 


Satisfactory evacuation of descending colon. 
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(b) 





Ascending 
Slight diverticula 


Full relief of symptoms. 


of decompensation. It is necessary to act on these 
signs in good time. 

One must as a rule seek the cause óf evacuation 
difficulties in the anastomosis or in the anus. Only 
once were we induced to remove the dilated descend- 
ing colon in an infant during a second operation 
three months after resection of the sigmoid. The 
result was good (Fig. 8). In many cases we have 
resected the colon to the splenic flexure at the 
beginning. But we are not sure whether that is 
always necessary. If evacuation ‘cannot take place 
unhindered, it is of no use however high the resection 
iS. 

The treatment of Hirschsprung’s disease is most 
problematical in infancy, but most children are 
treated at that age. Swenson has for some years 
limited himself to making a colostomy in infants and 
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(d) 


delaying the resection until the children are 12-18 


A months old. We have always performed the re- 


P- 


section in the first year, and only with ileus in the 
first weeks of life have we done a colostomy. The 
future must show which is the better way. But it is 
the general opinion that operative treatment must 
take place in infancy. On the other hand, by this 
early treatment we also receive the serious cases 
which would have died earlier. So it must be 
explained that post-operative treatment is more 
necessary than in older children. In addition these 
children do not know normal bowel evacuation and 
do not use abdominal pressure. Stool simply 
remains in the terminal bowel. One can only treat 
with the tube, enema, bouginage and laxatives until 
they have learned spontaneous emptying. If the 
children are a little older they can help themselves 
and one can execute bowel training. 

We have intentionally indicated the difficulties 
connected with the application of abdominal re- 





37 


(c) 





(e) 
FiG. 8.—20-month-old boy operated on twice in period of three months. 
of procedure; (d, e) X-rays seven months after last operation. 


(a-c) diagrams 
Free of symptoms. 


section. The procedure is smaller and simpler than 
rectosigmoidectomy but demands intensive post- 
Operative supervision of the child to a higher degree. 
It is certainly too early for a final picture to be drawn 
up. The arguments which are raised against the 
method are not justified in so far as failure lies not in 
the method but probably in insufficient post- 
Operative treatment. The recurrent necessity for 
this treatment is a disadvantage compared with 
rectosigmoidectomy. These difficulties are not 
insuperable and therefore we see at the moment no 
reason to depart from this method. 
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A NEW OPERATION FOR 
THE TREATMENT OF HIRSCHSPRUNG’S DISEASE* 


BY 


BERNARD DUHAMEL 


From Paris 


The excision of the aganglionic segment of the 
recto-sigmoid colon proposed by Swenson is 
the logical outcome of the new conception of the 
aetiology of Hirschsprung’s disease and I do not 
think it necessary to discuss it here any further. 

The operation which I shall describe constitutes 
but a technical variance of Swenson’s operation 
and is not a new method: it has also some other 
applications apart from the treatment of congenital 
megacolon. The object of this operation is to 
exclude and not to resect the malformed rectum 
and all dissection of the pelvis is avoided. The 
functionally healthy proximal colon is brought down 
to the margin of the anus in a plane of anatomical 
cleavage, and thus the nervous system of the bladder 
and neuro-muscular apparatus of the sphincters are 
preserved in toto. A wide anastomosis between the 
colon and the excluded rectum is performed and, 
by preserving the rectum, an important area of reflex 
activity is preserved. 

Hirschsprung’s disease is a serious condition but 
it is not a malignant disease in the usual sense of 
the term: therefore an operation designed to remedy 
the condition should not be of excessive severity, and 
there should be no risk that one functional anomaly 
(urinary incontinence or impotence) will be sub- 
stituted for another. Swenson’s operation is a 
delicate and difficult intervention which only gives 
excellent results if it is carried out by a very com- 
petent surgeon operating on children of a certain age. 

Since the characteristic deficiency of ganglia in 
Hirschsprung’s disease nearly always affects the 
whole of the rectum down to the level of the internal 
sphincter, an extensive resection of the rectum, which 
is associated with considerable shock, especially in 
the newly born, must be performed in order to obtain 
a satisfactory surgical result. 

Dissection of the rectum can be carried out close 
to the muscular layer since one is not dealing with 
a malignant condition; it is nevertheless possible 
to traumatize the pelvic nervous plexus supplying 


Tarare 





* A paper read at a meeting of the British Association of Paediatric 
Surgeons held in Liverpool in June, 1959. 
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the bladder or the genitals. Complete ablation of 
the mucous membranes of the rectum or of ifs nerve 


supply will interfere with rectal sensation which is-, 
the | 


indispensable to the perfect function of 
sphincters. | : 

Whatever the extent of the resection of the rectum, 
it is always incomplete inferiorly as it is essential 


to preserve the rectal sphincter. Thus an unsatis- e 


factory result is common and relapses are possible. 

The end-to-end anastomosis is liable to separate 
either partially or completely if the vitality of the 
pulled-down colon is endangered or if the operative 
technique is incorrect. In a certain number of cases 
serious complications, such as peritonitis, pelvic 
abscess or fistula, may result. 

Lastly the anastomosis can (and this is a most 
frequent complication) become stenosed and may at 
times become completely occluded. 

It is because of these complications, which cannot 
be avoided in spite of the technical modifications 
described by some authors, that some surgeons have 
rejected Swenson’s operation and returned to 
abdominal resection followed by dilatation of the 
sphincter. This is probably a retrograde step since 
one knows that in most cases the lower part of the 
rectum and the internal sphincter are themselves 
malformed. The same objections could be raicad 


+ 


against those who have proposed a recto-sigmoid- *~ 


myotomy inspired by the operation of Heller since 
they do not prolong their extramucous incision 
beyond the level of the pouch of Douglas, and have 
to complete the operation by carrying out an anal 
dilatation. | 

In a recent book (Duhamel, 1957) I have described 
and illustrated in detail my surgical technique and 
I shall therefore mention here only the essential 
steps. 


Operative Procedure 


Abdominal Approach. (1) The rectum is divided, 
closed and buried at the level of the pouch of 
Douglas, as in Hartman’s operation. 

(2) After resection of the narrowed recto- 
sigmoidal zone and that of the adjoining megacolic 


“g haemostasis. 





segment, which is usually toneless and full of 
faeceoliths, the proximal colon is mobilized (care 
being taken toa preserve its blood supply) and must 
be long enough to allow its being brought down to 
the anus; its lower end is temporarily closed using 
a few large sutures. 

(3) The cellular retro-rectal space is now opened 
by cutting through the meso-rectum and dissection 
-is carried downwards in the midline using the finger, 
the hand or a swab on a holder until the level of the 
pelvic diaphragm is reached. 


Perineal Approach. (4) The anus is dilated and 
an incision is made along its posterior circumference 


N- + at the line of the ano-cutaneous junction. The wall 


spf the anal canal is then dissected off the external 
w, . ; 
sphincter and after a few muscle fibres have been 
split longitudinally at the upper border of the 
external sphincter one meets the retro-rectal dis- 
° section of the abdominal approach. 

(5) With the aid of a curved clamp introduced 
through this opening, the resected lower end of the 
colon is grasped and pulled down to the level of the 
skin incision. The lower end of the colon is 
reopened and its posterior margin is sutured to 
the posterior cutaneous lip of the retro-anal incision. 

(6) Two Kocher’s forceps are inserted, one blade 
into the lower colon, the other into the rectum: 
their points meet in a V high up in the bowel and 
their bases are held apart so that they come to lie 


at the lateral angle of the colon and anus. The 
forceps are tightened and then tied together. The 


colon cannot now retract and the forceps produce 
After a few days a longitudinal 
enterostomy opening between the colon and the 
rectum is produced. The newly fashioned rectum 
has an anterior part which is aganglionic, reflex 
control of defaecation thus being assured, and a 
fOsterior part composed of colon which will ensure 
mobility. 

I have operated on I1 cases of Hirschsprung’s 
disease using this technique; thisis obviously toosmall 
a series for statistical purposes but I know that some 
French, Spanish, Finnish and Swiss surgeons have 
adopted this operation with results similar to mine. 
In every case we have been struck by a complete 
absence of operative shock and by the fact that 
spontaneous stools are passed within two to four 
days. Cutting out.of the enterostomy forceps takes 
about a week followed by scarring without com- 
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plications. The functional result has always been 
perfect and radiological studies have shown com- 
plete regression of colonic dilatation and a normal 
diameter after an interval of about two to four 
months. 

All these cases show an improvement as good as 
those operated on by Swenson’s method, but I _ 
realize that this alone will not convince experienced 
surgeons who are anyway getting regularly satis- 
factory results. There are however two particular 
aspects of the operation which I think constitute a 
distinct improvement on the old technique. Firstly, 
this operation is the only one which allows re-opera- 
tion on cases of ‘failed’ Swenson’s operation, both 
in failures due to insufficient resection of the lower 
segment and in those with stenosis of the anasto- 
mosis. This advantage has already been recognized 
by numerous surgeons. Secondly, the most impor- 
tant advantage of the operation is that it 
allows a considerable lowering of the age limit at 
operation, Most authors agree that Swenson’s 
operation is dangerous in the newly born because 
of the difficulties encountered in dissecting the 
rectum at that age. Swenson himself advises against 
recto-sigmoidectomy until the child is at least 12 to 
18 months old, and suggests that, if necessary, a 
temporary colostomy only should be carried out. 

When recto-sigmoidectomy is performed during 
the first months of life, the results are often unsatis- 
factory because in order to save a sufficient amount 
of gut for proper function of the anal reflexes one is 
forced to preserve too much of the internal sphincter 
and it is often necessary to perform a complementary 
sphincterotomy. The technique that I have 
described overcomes these disadvantages. I have 
operated on eight children of less than 6 months of 
age, five of whom were less than 3 months old, 
and I have noticed that the younger the child the 
better have been the operative results and the quicker 
the return to normal function. Realizing the 
particular seriousness of congenital megacolon in 
the neonatal period, and the dangers of a temporary 
colostomy at this age, we believe that the intro- 
duction of a curative operation for Hirschsprung’s 
disease in infancy will allow us to save more children 
suffering from the so-called ‘malignant’ form of the 
disease in the neo-natal period. 
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INTESTINAL OBSTRUCTION IN THE NEWBORN INFANT* 


BY 


M. GROB 
From the Surgical Department, the Children’s Hospital, Zurich 


The syndrome known as mechanical ileus or 
intestinal obstruction is a many-sided problem, the 
solution of which, in childhood and especially in the 
newborn infant, is one of the most difficult tasks 
of the paediatric surgeon, as regards both diagnosis 
and treatment. 

The diagnostic difficulties are due above all to the 
fact that just at this age the pathological changes 
causing intestinal obstruction are so numerous. As 
intestinal obstruction is no more than a symptom, 
the physician diagnosing it is at most half way to 
recognition of the disease. The site and type of 
obstruction are not as yet clear. 

The difficulties in treatment arise from the fact 
that ileus is not only a local affection but also a 
grave general disease in which quick decisions must 
be made. 


Clinical Features 

The clinical picture depends essentially on three 
factors: on the level of the obstruction, on its 
duration and on whether it is complete or partial. 
In high-seated obstruction vomiting is one of the 
first signs and abdominal distension is limited to the 
epigastrium. In low-seated obstruction distension 
of the whole abdomen precedes vomiting. In the 
newborn infant swallowed air reaches the rectum 
only after 12-24 hours. Therefore if the obstruction 
is at a low level, abdominal distension will rarely be 
present before 12 hours have elapsed. On the other 
hand, it should be remembered that meteorism 
during the first 12-36 hours of life may be physio- 
logical. In partial obstruction, such as congenital 
stenosis of the intestine, vomiting is the first and 
most striking symptom, while abdominal distension 
may be minimal because the intestinal air is able to 
pass through the stenosis. 

Investigation of bowel function in the first days 
of life, that is to say the presence or absence of 
meconium, may provide important clues in the 
diagnosis of intestinal obstruction, although no hard 
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* A paper read at a meeting ofthe British Association of Pasdiatric 
Surgeons held in Liverpool in June, 1959. 
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and fast rules exist in this respect. Delaved passage 
of meconium should always lead one to suspect low 
intestinal obstruction, such as atresia of the rectum - 
or colon, meconium ileus or Hirschsprung’s disease, e 
although this symptom may also occur in nornfal 
babies. On the other hand, evacuation of meconium 
does not exclude a primary high-seated intestinal 
obstruction, since meconium is produced in all parts * 
of the intestinal tract and bile pigments reach the 
intestine by way of the blood. 

Microscopical examination of the meconium for 
cornified epithelial cells and lanugo hairs makes it 
possible to distinguish between cases with early 
primary obstruction of the intestine and those in 
which the obstruction developed later in foetal life 
by strangulation, volvulus or intussusception. In 
primary congenital atresia of the bowel these 
meconium elements are absent. 


Radiology 

Radiological findings are of prime importance in 
diagnosis. In every case of ileus in the newborn 4 
infant radiological examination in the upright 
position is called for. Plain films are important 
since conclusions may be reached as to the site of 
the obstruction from the number and position of 
distended loops and fluid levels. In Juodai. 
obstruction the radiological picture is typical. It 
shows a dilatation of the stomach and only one 
pathological fluid level on the right .of the spine 
(Fig. 1). The corresponding finding at operation in 
such a case is seen in Fig. 2. The superior segment 
of the duodenum is greatly distended and as large 
as the stomach. In lower intestinal obstruction a 
plain film in the upright position reveals multiple 
distended loops and fluid levels (Fig. 3). 

Furthermore, an enema with a contrast medium 
should in no case be omitted, as in newborn babies 
it is often impossible to decide whether the distended 
loops belong to the small bowel or to the colon. 
Such a procedure also provides valuable information 
as to the permeability and calibre of the colon and 
the site of the proximal colon. It may thus reveal 


Aa M2. 








Fic. 2.—Operative findings in duodenal atresia. Greatly dilated 
superior segment of duodenum. 


the presence of atresia, Hirschsprung’s disease or 
malrotation. 

Barium is generally used for contrast enema, but 
the use of resorbable preparations, such as Ioduron 
or Triopac, is advisable at least in cases of suspected 
perforations. 

Oral administration of barium should be avoided 
as it may change the patient’s condition for the 
worse and thereby complicate operation. It is, 
moreover, dangerous if aspiration occurs. A further 
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Fic. 3.—Miultiple distended loops and fluid levels in lower intestinal 
obstruction. 


disadvantage of oral administration as compared 
with an enema is loss of time. Long radiological 
procedures may mean that the right moment for 
Operation is missed. It is valueless to endanger the 
child’s life by long drawn out diagnostic procedures, 
since laparotomy is indicated in any case, at which 
diagnosis can be completed. 


Preliminary Treatment 


Apart from local symptoms, intestinal obstruction 
results in disturbances of the general condition. 

Loss of fluid due to vomiting and reduced 
resorption from the bowel produce dehydration and 
disturbances in electrolyte balance, such as hypo- 
chloraemic alkalosis and hypokalaemia. Intra- 
intestinal and intraperitoneal transudation produce 
hypoproteinaemia by loss of plasma. Respiratory 
difficulties owing to abdominal distension may 
result in anoxaemia and cyanosis. 

Treatment must first of all aim at combating 
these general disturbances. It would be a grave 
mistake to expose the baby to the danger of operative 
shock without adequate preliminary treatment. This 
consists of the supply of fluid, electrolytes, blood 
and plasma by intravenous infusion, and employ- 
ment of a gastro-intestinal suction system. The 
decrease of abdominal distension by means of a 
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naso-gastric tube facilitates operative intervention 
and diminishes operative shock. Intestinal suction 
is not only of great use in pre-operative treatment, 
but also during post-operative care, since it prevents 
paralytic ileus. 


Types of Intestinal Obstruction 


The most frequent disorders that the surgeon has 
to keep in mind are summarized in Table 1. It is 
clear from this Table that as a rule we have to deal 
with congenital malformations. 


TABLE | 


CAUSES OF INTESTINAL OBSTRUCTION IN THE NEWBORN 
INFANT 


SARE TTEST NORAD ECAC RISENER LE ENN EAE DESI OE IEE ED IE TE TE EG ETE SIE ELEANOR ALLE 


Atresia and stenosis: duodenum, jejunum, ileum, colon, rectum, anus 

Annular pancreas 

Meconium ileus 

Disturbances of foetal intestmal rotation: nonrotation, malrotation, 
common mesentery 

Peritoneal bands . 

Meckel’s diverticulum, omphalo-mesenteric duct 

‘Enterogenous cysts (duplication) 

Mesenteric cysts 

Intestinal polyps 

Intussusception . 

Megacolon (Hirschsprung’s disease} 

Strangulated inguinal hernia 

Strangulated diaphragmatic hernia 

Peritonitis 





Firstly, the malformation may constitute the 
immediate cause of the obstruction, as in congenital 
atresia, annular pancreas, peritoneal bands, etc., or 
secondly, it may only be a predisposing factor, for 
instance, in cases of common mesentery, persistent 
omphalo-mesenteric duct or in diaphragmatic 
hernia. Thirdly, we have congenital defects, pre- 
dominantly functional in type, such as meconium 
ileus and Hirschsprung’s disease. 


Atresia and Stenosis. In congenital atresia and 
stenosis of the small intestine, or more rarely of the 
colon, we have to distinguish between primary and 
secondary forms. 

Primary atresia and stenosis is due to a persistence 
of epithelial proliferation existing during the fifth to 
twelfth weeks of foetal life and occluding temporarily 
the lumen of the intestinal tract. Remaining portions 
of these epithelial masses may persist as one or 
several mucosal septa with or without a central 
opening which obstruct the lumen. Primary atresia 
and stenosis manifest themselves only by a difference 
in calibre. No interruption in intestinal continuity 
can be noticed from the outside (Figs. 4-7). 

On the other hand, congenital atresia may also 
be due to a pathological process during the foetal 
period which causes secondary obstruction of the 
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Pathological processes, such as foetal 


bowel. | 
volvulus, intussusception, incarcerated hernia. and 
meconium ileus, may cause local necrosis of an 
intestinal segment, thereby producing atresia. 
These secondary atresias, which are commonly 
situated at the level of the ileum, are characterized 
by a gap between the bowel ends or a cord which 
usually has no mucosal lining. Cuicatrization at the 
ends of the atretic segments and defects in the 
mesentery are frequent findings. Fibrous nodules 
on the serous coat and areas containing calcified 
debris are the remnants of former perforation. 

We have observed a case of intestinal atresia in 
which the collapsed distal stump still contained the 
remains of an invaginated segment. 


omphalocoele produced a secondary atresia (Figs. 
and 9). 
While in former times operative treatment of 


atresia or stenosis was rarely successful, modern’ 


operative technique and especially adequate post- 
Operative care have considerably improved the 
prognosis. As a rule the surgeon will try to over- 
come the obstruction by entero-anastomosis, the 
method of choice being end-to-end anastomosis as 
an initial procedure. Enterostomy as a palliative 
procedure should be considered only in cases in 
which the obstruction is situated in the terminal 
ileum or more distal to it. Enterostomy at a higher 
level is always fatal because of the excessive loss of 
fluid. 

In the performance of entero-anastomosis the 
difference in size of the pre- and post-stenotic 
segment may cause some difficulty, In this situation 
the decompression of the proximal! dilated intestine 
by puncture, suction of direct opening and the 
injection of normal salt solution into the collapsed 
narrow distal segment may overcome the dis- 
crepancy in size. | 

In cases of duodeno-jejunostomy for duodenal 
stenosis or atresia, the passage of a transanastomotic 
feeding tube with its top lying in the contracted 
jejunum is advisable because it allows early feeding 
and dilatation of the distal contracted loops. 

But even in correctly performed anastomosis 
dilatation of the proximal segment with failure of 
propulsive activity may persist. Resection of the 
dilated proximal bulb before end-to-end anasto- 
mosis seems therefore to be indicated, especially 
in cases of secondary atresia with cicatrization of 
the stumps. 


Meconium Hleus. A special kind of intestinal 
obstruction in the newborn infant occurs in 
meconium ileus, which requires medical as well as 


In another” 
case an incarceration of the lower ileum in a 
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Fic. 4.—Primary stenosis of jejunum. 


Fic. 6.—Removed and opened specimen (case shown in Fig. 5) with 
two mucosal folds which formed the stenosis. 


surgical treatment. Meconium ileus is a typical 
example of intraluminal obstruction, which is caused 
by an abnormal inspissation of the meconium, 
especially in the lower segments of the ileum. The 
abnormal consistency of the meconium is due not 
only to a deficiency of pancreatic enzymes as a 
consequence of the co-existing fibrocystic disease of 
the pancreas; it is rather the expression of a 
generalized disease of the secreting glands, which is 
known as mucoviscidosis. The mucous glands of 
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Fic. 5.—Primary double stenosis of jejunum. 





Fic. 7.—Small opening in septum causing stenosis (case shown in 
Fig. 5). 


the bowel, too, produce an exceedingly sticky 
secretion which is firmly attached to the inspissated 
meconium. 

Operation reveals dilated jejunal loops filled with 
gas and thick meconium, the ileum appearing like 
a string of beads due to greyish, putty-like knots. 
The colon is generally empty (Fig. 10). 

The diagnosis is already evident from the radio- 
graph (Fig. 11). The dilated upper loops of the 
intestine do not present fluid levels in the picture in 
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Fic. 8.—Omphalocoele in a newborn baby with a very narrow 
umbilical ring and incarcerated transparent mass. 


FiG. 9.—Finding at operation in case shown in Fig. 8: secondary 
atresia of lower ileum owing to strangulation by narrow umbilical 
ring during foetal period. 


Fic. 10.—Typical appearance of meconium ileus. 


FIG. 11. 


FiG. 11.—Meconium ileus with several dilated loops of different size 
without fluid levels. Mottled meconium masses on right side. 
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Fic. 12.—Meconium ileus with volvulus. 


FIG. 13,—(Case shown in Fig. 12.) Reduction of volvulus reveals a 
completely squashed loop (secondary atresia). 








the upright position because the thick gluey 
meconium adheres to the intestinal wall. The 
meconium masses manifest themselves by granular 
spots. The mottled appearance is due to infiltration 
of the meconium by small air bubbles. 

An enema with a contrast medium shows the 
colon, which is free of meconium and has the 
appearance of a so-called ‘microcolon’. 

Meconium ileus may produce several complica- 
tions even during the foetal period. The accumulated 
meconium masses may cause ischaemia, necrosis 
and perforation of the intestinal wall, thus producing 
aseptic meconium peritonitis, which may cause 
adhesions and strangulations. These cases present 
typical calcified granulations in the peritoneal cavity 
corresponding to foreign body reactions. 

Not infrequently the enlarged and heavy loops of 
the upper intestine become twisted upon themselves 
and give rise to volvulus formation with or without 
secondary atresia of the strangulated segments. 
Fig. 12 represents a volvulus of this origin. Reduc- 
tion of the volvulus reveals a completely squashed 
loop (Fig. 13). In this way secondary atresias are 
formed. In the case of Fig. 14 the same process took 
place at an early stage of foetal life. The result is a 
complete interruption of the continuity of the bowel. 

In the treatment of meconium ileus the following 
facts are of crucial importance. We know that it is 
impossible to estimate the degree of severity by 
clinical and radiological investigations, or to 
distinguish uncomplicated from complicated cases 
with volvulus, perforations and secondary atresias. 
Laparotomy is therefore indicated in any case. 





FıG. 14.—Meconium ileus with secondary atresia of lower ileum 
caused by volvulus at an early foetal stage. 
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In uncomplicated cases the first thing is to relieve 
the increasing and dangerous intestinal distension 
by suction. The removal of the obstacle, the sticky 
thick meconium masses in the ileum, cannot possibly 
be performed by mechanical procedures. On the 
other hand, it has been proved that after administra- 
tion of pancreatic enzymes the meconium may be 
expelled spontaneously in a few days. Therefore we 
make a small incision in the lowest portion of the 
distended intestine, deflate the upper loops and 
introduce a powdered preparation of pancreatic 
enzymes into the intestinal lumen. _ Before we close 
the abdominal wound a tube is passed through the 
nose into the stomach and duodenum under direct 
vision. In this way the intestine can be deflated 
during subsequent days and further proteolytic 
enzymes can be instilled through the tube. 

While this simple treatment is successful in 
uncomplicated cases, more severe forms require 
enterostomy, through which enzyme instillations can 
be administered. Although results as regards relief 
of the obstruction seem at first glance to be satis- 
factory, long-term results are disappointing. Most 
of these babies die sooner or later of overwhelming 
pulmonary infection in spite of adequate diet, 
administration of pancreatic enzymes and antibiotic 
treatment. 


Abnormal Bowel Positions. Other not infrequent 
conditions causing intestinal obstruction in the 
newborn infant are abnormal positions of the bowel 





See 


Fic, 15.—Volvulus in a newborn infant with common mesentery. 


ARCHIVES OF DISEASE IN CHILDHOOD 





Fic. 16.—Infarction of intestine in a newborn infant owing to 
common mesentery with volvulus. 


due to lack of normal rotation of the midgut during 
the foetal period. The recognition of such condi- 
tions often demands considerable spatial imagina- 
tion on the part of the surgeon. 

The normal position of the bowel is reached by a 


rotation of the midgut of 270° in an anti-clockwise . 


direction. The midgut represents that portion of 
the alimentary tract from the duodenum to the 
middle of the transverse colon, which is supplied 
by the superior mesenteric artery. To reach a 
normal position, the mesentery of the ascending 
colon has to become fixed to the right posterior 
abdominal wall. : 

The rotation may be incomplete, it may stop after 
90° or 180° or take place in a reverse direction. In 
addition, failure of attachment of the mesentery 
along the right lateral and posterior abdominal wall 
is nearly always present, but this anomaly, so-called 
common mesentery, may also be encountered in 
cases with normal rotation. 

The common mesentery can obviously give rise 
to twisting of the entire mass of the small intestine 
and colon around the small mesenteric root, which 
generally takes place in a clockwise direction 
(Fig. 15). The twisted mesenteric pedicle may 
strangulate the inferior part of the duodenum and 
produce symptoms of duodenal stenosis. In rare 
cases, in which the twisted mesenteric root strangu- 
lates the mesenteric vessels, infarction of the entire 
intestinal mass may ensue (Fig. 16). ; 
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Npanotes anomaly causing obstruction of the 


odenum results from compression of the lower 
duodenum by an overlying caecum or ascending 
colon. This condition may be encountered in cases 
with incomplete or reversed rotation, in which the 
caecum is placed in the duodenal area and becomes 
fused with the posterior abdominal wall. 

A third form of obstruction may be seen in cases 
with reversed rotation when the duodenum reaches 
its final position in front of, and the transverse colon 
behind, the mesenteric root. This condition, known 
as retroposition of the transverse colon, may 
produce an obstruction of the proximal colon, 
specially if it is complicated by an additional 
‘volvulus. Visualization of the colon by radiography 
with contrasting barium almost always supplies 
significant information. When the caecum and 
ascending colon are displaced to the left and upper 
part of the abdomen a volvulus of the midgut should 
always be suspected (Figs. 17 and 18). 

Even so-called internal hernia, or mesocolic 
hernia, may be due partly to anomalous intestinal 
rotation. The tendency of the proximal colon to 
reach its normal position on the right, independently 
of previous foetal rotation, may in cases of non- 











Fic. 17.—Retroposition of transverse colon (reversed rotation) with 

additional volvulus. Caecum lies in an anomalous position in left 

upper, side of abdomen. Filling defect of transverse colon due to 
compression by twisted mesenteric pedicle. 
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rotation or reversed rotation lead to partial or total 
envelopment of the small intestine by the ascending 
mesocolon. Thus internal hernia is produced in 
which intestinal loops may be incarcerated (Fig. 19). 
Operative treatment of the abnormal position and 
rotation should not only comprise the reduction of 
a volvulus or the severance of strangulating bands, 
but the ascending colon should be fixed to the right 
posterior abdominal wall in a normal position. 
Our own experience with mesenteric vessels has 
taught us that fixation at the right site is absolutely 
essential in order to obtain optimal blood supply. 


Enterogenous Cyst. Another congenital mal- 
formation which has to be taken into account in 
cases of intestinal obstruction is the enterogenous 
cyst, or duplication of the bowel, which is seen in 
about 20°, of cases even in the neonatal period. 

These structures, which may be tubular, cystic 
or diverticular, can branch out from the entire 
bowel, but they usually lie in the region of the lower 
ileum and caecum. In spite of this, they have 
embryologically nothing to do with Meckel’s 
diverticulum. The duplications are due to dis- 
turbances during an early foetal period in which 





Fic. 18.—Diagram of case shown in Fig. 17. 
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Fic. 19. 





Fic. 20. 





FIG. 22, 


Fic. 19.—Internal hernia containing several incarcerated loops. 
Hernial sac is formed by mesentery of ascending colon. 


Fic. 20.—Intussusception in a newborn baby with mtussusceptum 
protruding from anus owing to ileal duplication. 


Fic. 21.—Resected ileo-caecal specimen from case shown in Fig. 20. 
Note enterogenous cyst in lower ileum. 


Fic. 22.—Miultilocular lymphatic mesenteric cyst producing intestinal 
obstruction and stasis of adjacent bowel segment. 


Fic. 23.—Hour-glass-shaped chylous mesenteric cyst which contained 
large quantity of yellow, milky fluid. 
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hese cystic structures, closely attached to some 
portion of the alimentary tube, grow continuously 
in size by retention of secreted mucosal fluid, thereby 
causing obstruction of the intestinal lumen. 

Since these duplications are supplied with blood 
by the same vessels as is the adjacent bowel, it is 
impossible to resect the cyst without impairment of 
the blood supply to the contiguous intestinal segment. 
Therefore the segment in question has also to be 
resected. 

Cysts of this type may not only produce intes- 
tinal obstruction, but they may also act as a leading 
point in the development of intussusception. 

ig. 20 shows a newborn baby with intussusception, 
the tip of the intussusceptum protruding from the 
anuS® It contained a single cystic tumour. Surgical 
reduction of the intussusception presented no 
difficulty. After reduction, the cystic tumour 
proved to be a duplication of the lower ileum which 
had passed the whole colon within a few hours. 
Ileo-caecal resection was performed (Fig. 21) and 
the post-operative course was uneventful. 


Mesenteric Cyst. Other structures, which have 
to be differentiated from enterogenous cysts, are 
lymphatic mesenteric cysts. These tumours rarely 
cause intestinal obstruction in the newborn infant. 
The cysts are thin-walled and multilocular and often 
have the shape of an hour-glass. They contain 
serous, colourless or chylous yellowish fluid (Figs. 22 
and 23). Smaller cysts can be dissected out from 
the mesentery, while large ones require intestinal 
resection and end-to-end anastomosis. 


Hirschsprung’s Disease. Lastly I should like to 
make brief mention of Hirschsprung’s disease or 
aganglionic megacolon. 

Newborn babies with this disease almost always 


` show difficulty in evacuation of meconium, con- 


stipation, vomiting and abdominal distension, all 
symptoms of intestinal obstruction which, however, 
vary in intensity. 

Often an obstruction of the small bowel is 
suspected, particularly as plain radiography shows 
dilated loops with fluid levels. To exclude this a 
contrast enema is absolutely essential. It shows 
that the dilatation is situated in the colon. The 
picture typical for Hirschsprung’s disease with 
contracted rectosigmoid is, however, frequently not 
so marked in the newborn baby as it is some weeks 
later. In case of doubt a biopsy from the rectal 
musculature should be performed. Microscopical 
examination will prove whether ganglion cells are 
present or not. 
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One rare though severe complication of Hirsch- 
sprung’s disease, which may occur in the first days 
of life, is perforation of the distended colon (Fig. 24). 
We have observed it in three cases: twice in the 
region of the left colonic flexure and once in the 
caecum. In all three cases colostomy was per- 
formed at the site of perforation with good results. 





Fic, 24,—Pneumoperitoneum after perforation of colon in a 2-day-old 
baby suffering from Hirschsprung’s disease. 


In the treatment of megacolon in the newborn 
baby conservative measures will, as a rule, be re- 
sorted to. at the start with frequent enemas to combat 
the gaseous distension. In most cases this will 
prove successful for some time. Should difficulties 
arise in controlling the distension, temporary colo- 
stomy is advisable. Nevertheless, we do not 
hesitate in such cases to perform rectosigmoidectomy 
by Duhamel’s method even in the first few months 
of life. This retrorectal pull-through is technically 
simple, as the rectum has to be mobilized only on 
its dorsal side, which is easy to accomplish. The 
intervention is therefore relatively short and pro- 
duces no shock. It prevents secondary strictures 
at the site of the anastomosis and disturbances of 
bladder function. 

We have employed this method in 15 cases, six 
of whom were infants aged from 6 weeks to 8 
months. Results were very satisfactory regarding 
healing of the megacolon, but later investigation of 
these children showed that they suffered from 
numerous evacuations, some even from actual 
diarrhoea, as a result of the destruction of the 
internal sphincter. 
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We therefore advise the following modification 
of Duhamel’s procedure: we incise the posterior 
wall of the rectum 1:5 cm. above the internal 
sphincter, thus conserving this important muscle. 
The proximal stump of the colon is pulled through 
this incision and not through one at the level of the 
anus. Details of this special technique will be 
published shortly. The apparent level of the 
transitional zone in young infants may be mislead- 
ing; biopsy of the colon muscle tissue during 
operation is therefore advisable. 

A difficult problem in the newborn period, which, 
however, arises only seldom, is presented by those 
cases in which the aganglionic zone extends through- 
out the whole colon as far as the lower ileum. 
Deflation by an enema is in these cases ineffective 
and the clinical picture corresponds to that of a 
lower stenosis of the small bowel. We recently 
observed such a case, which at operation showed a 
greatly dilated and hypertrophic lower ileum 
(Fig. 25). Ileostomy was performed and total 
colectomy was provided for at a later date. Un- 
fortunately the infant died of peritonitis. Micro- 
scopical examination revealed that the hypertrophic 
ileal loops contained ganglion cells in normal 
numbers whereas the terminal part of the ileum 
contained only a few ganglion cells, and throughout 
the caecum and colon they were completely absent. 
The peculiar thing about this case was that the child 
showed no symptoms of intestinal obstruction as 
long as she was breast-fed. Only after changing to 
artificial feeding did such symptoms appear. 





Fic. 25.—Hirschsprung’s disease with aganglionic zone throughout 

colon and terminal ileum: 1 = hypertrophic and dilated ileum with 

normal number of ganglion cells; 2 = only few ganglion cells : 
3 = ganglion cells completely absent. 


In conclusion I should like to emphasize that I 
am fully aware of the incompleteness of my remarks 
concerning intestinal obstruction in the newborn 
baby. Many problems could only be touched upon. 

Intestinal obstruction in a newborn baby is always 
a delicate and critical matter demanding rapid 
decisions. Success in these cases depends not only 
on early diagnosis and appropriate operation, but 
also upon the quality of pre-. and post-operative 
care, of suitable anaesthesia, and, last but not least, | 
upon the constant and untiring efforts of our nurses. 
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SIMULTANEOUS INTRA- AND EXTRAPULMONARY 
SEQUESTRATION* 


BY 


V. KAFKA and V. BECO 


From the Faculties of Paediatrics and General Medicine, Charles University, Prague 


¢ Pulmonary sequestration has attracted consider- 


able attention in recent years. Many papers report- 
ingew/pical cases have appeared in the literature. 
Repetition of material already extensively reported 
will not te attempted (Bariéty and Coury, 1947: 
Pryce, Sellors and Blair, 1947; Bruwer, Clagett and 
McDonald, 1950, 1954; Kergin, 1952; Santy, Bérard, 
Gaby and Huu (1952); Boyd, 1953; Hertzog, Toty, 
Personne and Gilbert, 1953; Razemon, Houcke and 
Razemon, 1953; Monod, 1954; Boyden, 1955, 1958: 
Bruwer, 1955; Pryce, 1946; Smith, 1956; Prochazka 
and Steinhart, 1957). 

The case described here is a very rare form of 
pulmonary sequestration, which justifies its publi- 
cation. 

Case Report 


The patient was a 15-month-old boy (No. 1323/58) who 
at the age of 3 weeks developed pneumonia, seen in the 
radiograph as a pericardial infiltration above the 
diaphragm (Fig. 1). Despite the usual antibiotic therapy, 
it subsided surprisingly slowly (Fig. 2). A follow-up 
radiograph at 11 months of age showed a sharply defined 
elliptical shadow, the size of an egg, lying paravertebrally 
below the diaphragm and superimposed on the gastric 
bubble (Figs. 3 and 4). Following radiological examina- 
tion, including upper gastro-intestinal barium studies, 
retroperitoneal air insufflation, bronchography and 
pyelography, the provisional diagnosis of retroperitoneal 
tumour, probably of neurogenic origin, was made. 
Surgery was -<idvised after further regression of the 
pneumonitis. 

The operation (Kafka, Brodsky, Kudrnova, anaesth. 
Drapka) was performed on October 18, 1958. An oblique 
incision was made in the left epigastrium. The tumour 
was found to be on the posterior surface of the stomach 
(Fig. 5) on the fundus and on the cardia. It was a thin- 
walled cyst fixed flat against the stomach and was 
separated by sharp dissection. Its superior end con- 
tinued as a narrower cylindrical cyst, lying on the 
oesophagus, right up through the hiatus. The lumen of 
this narrow cyst was separated from its gastric portion 
only by an internal membrane. 





* A paper read at a meeting of the British Association of Paediatric 
Surgeons held in Liverpool in June, 1959, 
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The oesophagus was pulled downwards and the cyst 
further dissected. On opening the cyst wall and inserting 
a probe, it was found that the cyst continued into the 
thorax in a dorso-latero-cranial direction. By prolong- 
ing the incision through the seventh intercostal space an 
additional thoracophrenotomy was performed. The 
cyst, or rather its stem, 10 x 12 mm. in diameter, diverged 
from the oesophagus to enter the dorso-basal segment of 
the left lower lobe. A large coiled artery ran into it, 
traversing the diaphragm and arising from the abdominal 
aorta. This was ligated and a resection of the dorsobasal 
segment, together with the entire cystic structure, was 
carried out (Fig. 6). 


Specimen (Fig. 7). The resected specimen consisted of 
two parts. The superior portion was in the shape of a 
triangle, at the apex of which were bronchi, artery and 
vein running into the resected segment of the left lower 
lobe. On probing, the bronchus did not communicate 
with the cyst, which formed the posterior wall of the 
resected segment. The upper portion of the cyst was 
thick-walled, containing almost cartilaginous elements; 
its distal part narrowed into a thick stalk 6-7 cm. long, 
without interruption of the cyst lumen. An ovoid, thin- 
walled segment the size of an egg was situated on the 
inferior end. 


Histology. (Zakova, Second Institute of Pathological 
Anatomy, Charles’ University, Prague; Case No. 
3164/58.) The wall was formed by two layers of smooth 
muscle fibres. Exterior to this was a layer of connective 
tissue showing elastic degeneration, and scattered sero- 
mucous gland. Ciliated cylindrical epithelium on a basal 
membrane formed the cyst lining (Figs. 8 and 9). 

The post-operative course was uneventful; one year 
after operation the patient’s condition now appears 
excellent. 


Discussion 


In the present communication we wish to outline 
certain characteristics of this syndrome: the simul- 
taneous occurrence of intra- and extralobar seques- 
tration, the subdiaphragmatic position of a part of 
the dumb-bell-shaped cyst, the blood supply and, 
finally, problems of diagnosis before and during 
operation. 
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Fic. 1.—Admission radiograph showing consolidation of left lower FiG. 2.—Radiograph taken two months after that of Fig. 1, 
pulmonary field. showing slow improvement of pulmonary condition following 
chemotherapy. 





Fic. 3.—Bronchogram showing shadow below diaphragm super- FiG.4.—Bronchogram: lateral view showing shadow below diaphragm 
imposed on gastric bubble. just in front of vertebral column. 
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Fic. 5.—At operation the tumour was found lying at posterior 
surface of stomach. 





Fic. 7.—Excised specimen. 





Fic. 9.—Section of cyst wall (high magnification). Fic. 8.—Section of cyst wall. 
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FıG. 6.—Schematic drawing showing findings at operation: 
1. Spherical cyst; 2. Tubular prolongation; 3. Left lower pulmonary 
lobe; 4. Bronchial artery. 
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Neither aetiology nor classification of this disease 
entity have been agreed upon (Gebauer and Mason, 
1959), and the term sequestration itself does not seem 
to cover the case. Since this term has been widely 
applied as a result of publications by Pryce er al. 
(1947) and others, we shall continue to use their 
terminology. The term “foregut cyst” (Héssli, 1950: 
Roemer and Mollowitz, 1957) or ‘dysembryopathy’ 
(Bert and Fischer, 1910; Petřiková, Polak and Stolz, 
1952; Breton and Dubois, 1957) seems more accurate. 

It is known that pulmonary sequestration is one 
of a group of developmental defects occurring at the 
site of differentiation of the gastro-intestinal and 
respiratory tracts from the foregut. It naturally 
follows that various structures in the lower thoracic 
area may be involved (Cole, Alley and Jones, 1951), 
particularly the lower lobe arteries (Cole et al., 1951; 
Findlay and Maier, 1951; Fry, Arnold and Miller, 
1953), mediastinum (Maier, 1948), pericardium 
(Ladd, 1936; Rusby and Sellors, 1945; Warner, Britt 
and Riley, 1958) and diaphragm (Cockayne and 
Gladstone, 1917; Raymond et al., 1956). 

The majority of cases present a relatively simple 
lobar form of pulmonary sequestration (Boyd, 1953: 
Bruwer et al., 1954; Bruwer, 1955), often supplied by 
an atypical systemic artery, also referred to as a 


bronchogenic cyst (Fry et al., 1953; Gross, 1953), 
Flimmerepithelcysts (Zadek and Riegel, t958), 
congenital lung cyst (Kergin, 1952), etc. 

Extralobar sequestration has a more complex 
character. We find it termed ‘lower accessory lung’ 
(DeBakey, Arey and Brunazzi, 1950), pulmonary 
aberrations, supranumerary lung (Gans and Potts, 
1950; Raymond, Hardy and Robbins, 1956; Boyden, 
1958) located in the pleural cavity (Rusby and 
Sellors, 1945) as well as in the mediastinum (Maier, 
1948) or elsewhere. Some authors do not make a 
genetic differentiation and maintain that these are 
quantitative variations of the same developmental 
defect (Bert and Fischer, 1910; Borovansky and 
Hnévkovsky, 1929; Breton and Dubois, 1957). Pe 

The site of the lesion and its embryonic stage 
determine the degree of tissue differentiation afd the 
location and nature of the malformation. Maier 
(1948) maintains, for example, that there is no formal 
differentiation between bronchogenic and entero- 
genic cysts. 

Since the aetiology and exact origin of such 
developmental errors are still not clear, we do not 
feel qualified to comment upon them. 

Only rarely do both extra- and intralobar seques- 
tration occur simultaneously. And even more 
rarely is this combined with ectopic location of the 
extralobar part in the abdominal cavity or below the 
diaphragm. Cases of isolated ectopy are mentioned 
by Valle and White (1947) and Raymond eż a/. (1956). 
Very complex malformations may occur. Such a 
condition was found in our patient, where a cyst of 
the stomach and oesophagus was connected with a 
pulmonary cyst supplied by an anomalous artery 
arising from the abdominal aorta. 

Mention must be made here of what Gross (1953) 
calls ‘duplications of the alimentary tract’. Two 
cases were presented with simultaneous occurrence 
of enterogenic cysts in thoracic and abdominal 
cavities. These should be considered in the 
differential diagnosis of extrapulnionary seques- 
tration. ii, 

From the surgical point of view it is interesting 
that pulmonary sequestration with arterial anomalies 
was a problem some 10 years ago, as shown by 
reports of operative deaths or severe complications 
in relation (or without relation) to surgery. Fatal 
haemorrhage was reported by Harris and Lewis 
(1940), Butler (1947) and Douglass (1948)—-see Fry 
et al. (1953). The extensive work of Pryce ef al. 
(1947) and others acquainted thoracic surgeons with 
the problem involved, and today the literature 
contains more than 110 cases; over 100 have been 
reported by Bruwer (1955) and 11 cases from the 
Czecho-Slovakian literature may be added. ‘This 





does not include reports of simple bronchogenic 
cysts (without anomalous artery) with an intra- 
pulmonary or mediastinal localization. 
_.. In most uncomplicated cases pre-operative 
diagnosis is not difficult. Repeated lung infection 
< and a shadow on the radiograph in the region of the 
dorsobasal pulmonary segment pointing caudally 
to the midline indicate the lines along which further 
investigation should be carried out (Wyman and 
Eyler, quoted by Bruwer (1955)). 
There are, of course, circumstances which compli- 
== cate the diagnosis. These are in the first place 
inflammatory processes, including lung abscess and 
tuberculosis, or non-inflammatory processes, such as 
~-owatelectasis, bronchiectasis, etc. In the second place, 
difficulties may be encountered in differentiation 
“fron? pulmonary or extrapulmonary neoplasms 
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(Barthel, 1958). Cases of pulmonary sequestration 
treated as tuberculosis, even including thoracoplasty, 
or as pneumothorax from a burst lung abscess have 
been reported (Table 1). 

Even in the course of operation to make the 
correct diagnosis is not always simple or even 
possible. Fry et al. (1953) admit having performed 
an operation, supposedly for an enterogenic cyst, 
without being directed to the right conclusion even 
by the discovery of an extension through the 
diaphragm. Only histological examination revealed 
that it was a case of a pulmonary sequestra- 
tion. 

Similarly, in our case pulmonary sequestration was 
not suspected, in spite of the finding of a gastric cyst, 
until probing of the oesophageal cyst revealed its 
true extent. 






















































































a TABLE 1 
on l PULMONARY SEQUESTRATION TREATED SURGICALLY IN CHILDREN UNDER 20 YEARS 
ra Author Cases | Sex | ro Site | Clinical Diagnosis Anomalous Artery Operation 
ce | no.) Or) | Derived from: 
4 Rusby and (1945) I F |; 19 Left extralobar | Pulmonary cyst or tumour + Pulmonaty or brome | ' Extirpation 
Sellors | of mediastinum | chial artery 
Ravitch and (949) | 2 | M 124 | LLL | Infected cyst Thoracic aorta G) | Lobectomy 
Hardy i M 6 R.L.L eg K | Intercostal artery | Lobectomy 
Gans and Potts (950) l | E Sf 12 | Left extralobar | | Oesophageal diverticulum | Pulmonary artery Extirpation o 
; i | communica- | | 
: , ; / thon to : 
; ; oesophagus i 
Hössli (1950) 41 ÍM 5 |L. L.L. com- | | Pulmonary abscess | ~ Lobectomy 
| | 2 munication | 
, Í : | to stomach 
BE ENEI oe EE DEN TN oe | : {| Yipee a a a EGLE EEO a cc EE A 
Sf DeBakey et al, T950 D4, Fo 7 LLL | | Pulmonary cyst (dermoid) Thoracic aorta | 
Cole ef al. (1954) | | a M : 3 LLL | Breda 2 Thoracic aorta | Lobectomy 
Kergin | (1982) | 3 M 17 | LLL: | | Cystic disease | Thoracic aorta | Lobectomy | 
; | F 19 ; L.L.L. | Infected cyst | Subdiaphragm | Lobectomy 
i F 16 | RLL. Intra- | Intralobar sequestration | Intercostal artery | Lobectomy 
} ; | and ! : : 
| | | extralobar : 
Boyd l (1953) 6 M 7 | RULE. | Tuberculosis | Intercastal artery 
| M 53 |) RLL. | Pulmonary affection _ Subdiaphragm 
a | F 4 LLL. bs : | Thoracic aorta 
F 13 L.L.L. $t as | X os 
oF Ə% i L.L.L. j yi | Subdiaphragm 
. | M 6 i LLL. | ‘ gs | 
Fry et al. (1953) l M 19 R.L.L. | Pulmonary cyst (abscess) | Subdianhragm “Lobectomy 
Cermak, "Vana n. 2 | F «6 | RLL. | Bronchiectasis | Subdiaphragm | ~ Lobectomy 
and Rozhold (1955). F t4 REL. | Thoracic aorta (3) | Lobectomy 
Smith (1956), H l M | 18 L.L.L. | Bronchiectasis | Thoracic aorta | Lobectomy 
Prochazka and ({957) r 4 M | 6 : L.L.L, | Tumour or pulmonar y cyst Thoracic aorta : Segmental resection _ 
Steinhart ; | M 5 3 LLL. | Vulvular pneumothorax l + yy | Lobectomy 
i | M 6 | RLL. | Sequestration | Subdiaphragm | Lobectomy 
| oF T. dale | Cyst (Tb empyema) | Thoracic aorta | Thoracoplasty else- 
| ; i | ; » Lobectomy {where 
Warner eta alk (958) 2 : F 3 | Intrapulmonary | Cyst | Subdiaphragm (4) | Lobectomy l 
M 74 Extrapulmonary Mediastinal cyst : Pulmonary and | Extirpation 
| : | (pericardial | -bronchial artery | 
i : : | defect} 
Kafi ka and Beco I ! M fi | E. L.L. and | Neurogenic tumour : Subdiaphragm Segmental resection 
; | extralobar : ; . and extirpation 
(sub- | (thoracophreno- 
| diaphragm) | laparotomy) 
* 
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Conclusions 


The history of our case clearly shows signs typical 
of pulmonary sequestration, which together with the 
type of infiltration shown by radiography in the left 
lower lobe should have directed us towards a correct 
diagnosis. 

The misleading element was the finding of an 
abdominal tumour in a paravertebral position. This 
and its shape appeared to indicate a ganglioneuroma. 

Tomography and retroperitoneal insufflation were 
not helpful, since the tumour was in fact partly 
situated in the retroperitoneal space. 

Barium meal showed no pathological changes. 
On bronchography three branches of the dorsobasal 
bronchus did not fill right up to their periphery, 
which was considered incidental to the suspected 
postpneumonic condition. 

For these reasons operation was started with a 
diagnosis of retroperitoneal tumour, a neurinoma, 
and no connexion was at first seen between the two 
conditions, pulmonary and abdominal. 

In the course of operation we were surprised to 
find that (1) the mass was not a ganglioneuroma, (2) 
it was not wholly retroperitoneal, arching into the 
abdominal cavity and connecting with the stomach, 
and (3) it had penetrated through the hiatus along 
the oesophagus into the thoracic cavity. 

Only probing the cyst lumen revealed that the cyst 
continued high up into the thorax, and the approach 
was widened into a thoraco-phrenolaparotomy. It 
then became clear that this was a case of pulmonary 
sequestration. The anomalous artery could be 
severed and the entire cystic mass was removed. 


Summary 

A rare case of dysembryoplasia (foregut cyst) in 
the region of the respiratory and upper alimentary 
tracts is described, falling under the heading of 
pulmonary sequestration as known in the literature. 

Thoracophrenolaparotomy in a boy of 15 months 
revealed connecting masses of cysts, localized in the 
left inferior lobe (intralobar sequestration with an 
aberrant artery), passing to the oesophagus (extra- 
lobar pulmonary sequestration) and through the 
hiatus to the stomach (forming the subdiaphrag- 
matic part of the tumour). 

The entire cystic complex was removed. 

Diagnostic errors and special anatomical con- 
ditions in the described case are pointed out. The 
discussion is supported by a Table covering exclu- 
sively surgical cases in children. 
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PULMONARY SEQUESTRATION* 
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P. TALALAK 


From the Surgical Department, the Children’s Hospital, Bremen 


Pulmonary sequestration is a developmental 
anomaly of the pulmonary and cardiovascular 
system. It consists of dissociated, non-functioning 


‘lung tissue which is supplied by aberrant arteries 


+ 


cand has no communication with the normal 
bronchial system. It may be divided into two types, 
intralobar and extralobar. This anomaly has 
become an important and interesting clinical 
problem in the past 10 years. Most of the cases 
were diagnosed and treated as lung abscess, empyema 


* or bronchiectasis because the real diagnosis had been 


overlooked. 

The number cf reported cases has increased 
rapidly during the last 10 years. Nevertheless in 
958 Eaker, Hannon and French discovered only 
104 cases; Warner, Britt and Riley (1958) reported 
three cases. In addition I would like to report 


three cases from the Bremen Children’s Hospital. 


Fic. 1.-—Case 1. Large opacity in right hemithorax with displacement 
of heart and mediastinum to left side. 


a Pres tela! tr ar rt, 





* A paper read at a meeting of the British Association of Paediatric 


~ Surgeons held in Liverpool] in June, 1959. 
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Fig. 2.—Case 1. On rotation shadow is seen to lie in posterior 
region of thorax. An area of calcified density is visualized. 


Case Reports 


Case 1. A 6-month-old girl was admitted because of 
high fever. A radiograph (Fig. 1) showed an area of 
opacity in the right lung field. On rotation of the patient 
it was seen to be in the lower posterior region of the 
chest wall, and an area of calcified density was visualized 
(Fig. 2). The heart and mediastinum were shifted to 
the left side. At operation there was a mass about the 
size of two fists arising from the right lower Jobe, which 
could not be detached from the lung or diaphragm. 
Therefore the lower lobe was resected. As we tried to 
free the adhesion from the diaphragm an accessory artery 
the size of a pencil was seen arising from the thoracic 
aorta and running to the lower lobe. Moreover there 
was an opening about 2-5 cm. in diameter on the right 
side of the diaphragm containing a mushroom-shaped 
protrusion of liver, which communicated with the lower 
lobe through the adhesion tissue. 

Unfortunately the child died immediately after the 
operation. The macroscopical specimen showed a small 
cystic formation of the whole lower lobe, part of which 
became a solid yellow area. There was normal lung 
tissue only at the anterior margin of the lobe. At the 
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base of the lung there was a communication of the 
arterial branch into the liver through the opening in the 
diaphragm. Histological examination showed that the 
cysts were lined with bronchial epithelium (some ciliated) 
containing cellular debris and desquamated epithelium. 

According to the reported cases in the literature, this 
case is arare one. Besides a right intralobar pulmonary 
sequestration there was a defect of the diaphragm and 
communication between the sequestration and the liver. 


Case 2. A 14-year-old boy without symptoms was 
admitted because of a tumour shadow in the lower part 
of the right thorax, which had been found accidentally 
two years previously on serial radiological examination. 
There was a dense oval shadow in the posterior part of 








ic) 
Fic. 3.—Case 2. 


+ 
the right lower lobe (Fig. 3a, b), which revealed a fluid . 
level on the cranial side and had two round protrusions. 
Bronchographic examination (Fig. 3c) showed that the 
bronchus segment no. 6 was displaced upward, and 
no. 9 and no. 10 forward. At operation the lower lobe 
was seen to be composed of many small cystic tumours. 
It was impossible to dissect these masses from the lower 
lobe and therefore lobectomy was performed. The 


pulmonary ligament contained an abnormal artery about 
the size of a pencil from the aorta to the lower lobe. 
There was no post-operative complication and the 
radiograph showed a satisfactory result (Fig. 3d). 
Histological examination showed an area of extensive 
widening of the bronchi with two large cystic formations in 
the lower lobe. 


They were irregularly lined with simple 


id} 


{a and b) Dense oval shadow in tower posterior part of right hemithorax with presence of two round 


protrusions and a small fluid level: (c) displacement of bronchi of lower lobe ; (d) post-operative radiograph, E 
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columnar and some stratified columnar epithelium, and 
contamed abundant desquamated epithelium, cellular 
debris and leucocytes. The surrounding area was com- 
posed of respiratory epithelium. At the margin of the 
lobe there was normal lung tissue with functional 
alveoli. 





¥ 





Case 3. The last patient was a child 14 days old, 
admitted because she had refused to feed for the past 
two to three days. Clinical examination revealed the 
presence of a left diaphragmatic hernia, which was 
confirmed by radiographs (Fig. 4). Laparotomy was 
performed, and the stomach, small intestine, part of the 
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Pig. 3.—-Case 3. Diagram showing relationship between diaphragm, 
hernial sac and accessory lobe. 








There was extensive widening of many bronchi. Some 
groups of alveoli contained foam cells (Fig. 7). 


Discussion 
Many theories have been advanced about the 
pathogenesis of this anomaly. The ‘traction theory’ 
of Pryce (1946) seems to be the most acceptable. 
He states that the arterial component is the primary 
oer Sy and the malformation of the pulmonary component 
Pig. 4.--Case 3. Shows presence of diaphragmatic hernia on left. iS secondary. As a result of the persistence of an 





m and spleen aad protruded into the left thorax 
through a large opening in the diaphragm. They were 
carefully pulled down. On opening the hernial sac the 
left lower lobe was found to be rather hypoplasic, but 
functioning well. On further examination of the left 
thorax, a small accessory pulmonary lobe-like mass in 
the posterior costo-diaphragmatic angle was seen. The 
consistency was that of atelectatic tissue but there was 
no connexion with the adjacent lung. 

Fig. 5 shows the presence of the eventration and its 
relationship to surrounding structures. Behind the 
hernial sac is the medial pedunculated accessory lung 
lobe, which contaims an artery arising from the aorta. 
The mass was removed and the diaphragm was recon- 
structed by means of the hernial sac membrane. Un- 
complicated post-operative progress was verified radio- 
logically (Fig. ©. The child was completely cured. 

Microscopical examination showed the presence of ; 
bronchi, bronchioles and normal respiratory epithelium. Fic. 6.—Case 3. Twenty-two days after operation. 
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Fic. 7.—Case 3. Histological section showing bronchus, bronchioles 


and alveoli. 


aberrant artery, which supplied a part of the 
primitive lung lobe, a vascular traction from this 
lung lobe occurs. The consequence is the dis- 
sociation of a piece of pulmonary tissue developed 
as a sequestration. On the other hand there is the 
‘fraction theory’ which states that pulmonary 
sequestration develops by abnormal dissociation of 
a small primitive lung component which seeks an 
arterial supply from the visceral branch of the aorta 
itself. 

Pulmonary sequestration is composed of respira- 
tory epithelium and ramified bronchi or bronchi- 
ectasis without communication with the normal 
bronchial system. Intralobar sequestration occurs 
most often in the lower lobe, on the postero-medial 
aspect. The cases of Cohn and Hopeman (1955), 
and Warner et al. are the only exceptions, because 
these were found in the upper lobe. Extralobar 
sequestration is a completely dissociated or ectopic 
lobe, which can be found above or below the 
diaphragm. Only in the case of Gruber (1914) was 
the peduncle attached to the lateral thoracic wall. 

The commonest location of extra-lobar sequestra- 
tion is the left thoracic side and it is related to a 
diaphragmatic hernia, as in our third case. It is 
also found in the pericardium and in the abdomen. 
Location in the right side is rare. Associated 
anomalies are found, such as congenital absence of 


pericardium and communication with the _oeso- 
phagus. Intralobar sequestration is predominant 
on the right side and has no relation to other 
congenital malformations. 

With the exception of the complications there is 
no definite clinical feature of this condition. Some- 
times there might be a history of chronic respiratory 
tract infection, such as productive cough, fever, 
pleuritic pain, etc. In only a few cases were the 
patients diagnosed pre-operatively. In most of 
them the sequestration was found accidentally on 
radiological examination or at operation. No 
typical feature appears on the radiograph. How- 
ever, in a chest film which shows an opacity in the 4 
lower lobe and displacement of the bronchi with™’ 
normal pulmonary findings, we should at least 
consider this condition. Bronchography is impor- 
tant in the diagnosis, but differentiation from a lung 
cyst or tumour is not easy. Only in a case of 
infected pulmonary sequestration can we perhaps 
see the communication between both bronchial e 
systems on bronchography. Aortography has been à 
suggested by some authors. 

Infection of an intralobar sequestration is the 
commonest complication and is often found. The 
mode of infection is supposed to be haematogenous. 
Tuberculosis, malignant change and haemorrhage 
have also been reported. 

The only treatment is operative extirpation of the 
sequestration. Most authors prefer lobectomy for 
the intralobar sequestration because removal of they 
sequestration alone is possible only in exceptional 
cases. After conservative operation the focus of 
infection remains in the lung and can spread at any 
time. Moreover, communication of both pulmonary 
and aberrant circulations after conservative opera- 
tion has been observed and an A-V shunt should 
occur. ft 


I am grateful to Professor Dr. F. Rehbein of Bremen 
for permission to publish this paper. 
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HIATUS HERNIA IN CHILDHOOD* 


J. H. JOHNSTON 
From the Alder Hey Children’s Hospital, Liverpool 


The first description of a hiatus hernia was 
probably that of Bright (1836), who recorded the 
autopsy of a girl aged 19 years in whom a large 

ed portion of the stomach was in the chest and the 
cardia was at the level of the fourth dorsal vertebra. 
In the*early part of the present century the condition 
was thought to be rare; Eppinger’s (1911) series 
of 650 diaphragmatic herniae contained only 11 
cases of hiatus hernia and in Quénu’s (1920) series 
of 112 cases of diaphragmatic hernia treated 
* surgically there were only two cases of hiatus hernia. 
“With the introduction and development of radiology 
it was recognized (Akerlund, 1926) that sliding hiatus 
rnia, in which the cardia and part of the stomach 
ie a varying distance above the diaphragm, is the 
most common form of diaphragmatic hernia and 
occurs frequently. The condition is found chiefly 
in the infant and in the middle-aged adult and it has 
generally been assumed that, in both age groups, 
similar factors are concerned in the aetiology and 
“the mechanism of production of symptoms. There 
are, however, significant differences in the clinical 
features, the natural course of the disease and the 
response to treatment which suggest that, although 
the complications may be identical, hiatus hernia 
in the child is pathogenetically quite distinct from 
the majority of adult cases. 
retire WWittle doubt that infantile hiatus hernia is 
` either present at, or develops shortly after birth; 
symptoms usuatly date from the first few days of life 
and the condition has been demonstrated radio- 
logically during the first week. It was considered 
by Findlay and Kelly (1931) that hiatus hernia in 
the child is a congenital, developmental anomaly in 
which the oesophagus fails to lengthen synchron- 
ously with the caudal migration of the septum 
transversum so that the diaphragmatic hiatus comes 
to surround the stomach instead of the oesophagus. 
Botha (1958) thought that a large proportion of 
hiatus herniae is due to such a developmental short 
oesophagus. The rapid elongation of the oeso- 
phagus in the normal embryo occurs during the 


* A paper read at a meeting of the British Association of Paediatric 
Surgeons held in Liverpool in June, 1959. 
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sixth and seventh weeks (Keith, 1948) and a gross 
anomaly occurring at such an early period of 
development would be expected to be accompanied 
frequently by other major abnormalities as is 
oesophageal atresia which arises about this time. 
The evidence concerning associated malformations 
with hiatus hernia is somewhat conflicting, but the 
reports of multiple anomalies, which include hiatus 
hernia, have been mostly of isolated cases or of 
small series (Williams, 1945; Radloff and King, 
1947; Barrett, 1950). In our own clinical series 
of 76 cases no child has a known major congenital 
abnormality and a low incidence of associated lesions 
was found by Thomsen (1955) and by Bonham 
Carter (1956), although mental deficiency was not 
uncommon in their series. 

The anatomical features of hiatus hernia in the 
child suggest that a developmental shortness of the 
oesophagus is an unlikely aetiological explanation. 
The almost invariable presence of a sliding peritoneal 
sac covering the anterior and left aspects of the 
intra-thoracic portion of the stomach, the fact that 
this part of the stomach derives its vascular supply 
from the coeliac axis and not from the thoracic 
aorta, and the operative finding that the vagi are 
not taut and, unless involved in peri-oesophageal 
fibrosis, do not interfere with reduction of the 
hernia appear to indicate that the cardia was 
originally in the abdomen and only later migrated 
into the chest. In the acquired hiatus hernia of the 
adult, in which the pathological anatomy is identical 
with that of the child, an important aetiological 
factor in most cases, and the primary one in many, 
is relaxation of the diaphragmatic hiatus due to 
degenerative changes in the musculature. Barrett 
(1954) and Forshall (1955) have therefore considered 
that the essential lesion in the infantile case is a 
congenital weakness or laxity of the hiatus which 
allows herniation of the cardia shortly after birth 
when a negative intra-thoracic pressure develops 
with the onset of respiration. An objection to this 
hypothesis is that hiatus hernia in the child can 
undergo gradual spontaneous reduction (Figs. 1 
and 2) and eventual cure; spontaneous recovery of 
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Fic. 1.—Long, tubular hiatus hernia in child aged Fic. 2.—Same patient as in Fig. 1, aged 18 a 
3 months. Cardia at level of sixth dorsal vertebra months. Symptomless. Marked spontaneous 

reduction in size of hernia. 





Fic. 3.—Autopsy specimen of hiatus hernia in still-born anencephalic FIG, 4.—Same specimen as in Fig. 3. Stomach and cardia withdrawn 
infant. Forceps in sliding peritoneal sac from above diaphragm. demonstrating sliding sac. 
. 
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HIATUS HERNIA 


a diaphragmatic weakness, if possible at all, would 
be unlikely to lead to the reduction of a large hernia. 
The autopsy finding of a hiatus hernia in a still-born 
anencephalic infant indicates that a pressure differ- 
ence between the abdomen and the thorax is not an 
essential pathogenetic factor. The gross associated 
anomaly in this case at first suggested that the 
condition was a ‘congenital short oesophagus’ but 
dissection revealed the typical anatomical features 
of a sliding hernia (Figs. 3 and 4). As the child had 
never breathed, the cardia must have become 
displaced during pre-natal life. 


An important agent in the production and main- 
„ tenance of some cases of adult hiatus hernia is 
“pressure from below, displacing the cardia upwards 
through the hiatus; symptomatic and even radio- 
logical cure may follow reduction of intra-abdominal 
pressure by the elimination of obesity, the abandon- 
ment of corsets or the evacuation of a pregnant 
uterus (Dutton and Bland, 1953). There is no 
.evidence of an unduly high intra-abdominal pressure 
in the infant with hiatus hernia but the not infrequent 
association with hypertrophic stenosis of the pylorus, 
the phreno-pylorie syndrome of Roviralta (1952), 
w% ggests that raised intra-gastric pressure or in- 
creased gastric peristalsis may similarly force the 
cardia into the chest. The coincidence of pyloric 
stenosis in our hiatus hernia series is 10°5°,. In 
Bonham Carter’s (1956) series of 136 cases of hiatus 
hernia five children had pyloric stenosis and he 
suggested that the vomiting caused by the latter 
leads to the development of the hernia when there 
is a congenital laxity of the oesophageal hiatus. 
In our eight patients with the double lesion, however, 
vomiting began shortly after birth and not, as occurs 
with pyloric obstruction alone, after the second 
week of life. 

The Fe Shay of hypertrophic pyloric stenosis 
' "remains unknown. Thomson (1933) considered that 
the muscular hypertrophy of the pyloric canal occurs 
as a result of a preceding functional obstruction at 
the pyloric sphineter. Friesen, Boley and Miller 
(1956) claim to have demonstrated immaturity of 
ganglion cells in the pyloric tumour. As pyloric 
stenosis, unlike hiatus hernia, occurs predominantly 
in the male and has a high familial and hereditary 
incidence, there is obviously no all-embracing 
aetiological explanation for the two conditions but 
their frequent co-existence lends support to Thom- 
son’s theory of a prenatal functional pyloric 
obstruction; the increase in intragastric pressure 
so produced may then lead to prolapse of the cardia 
into the chest especially since, at this period of 
development, the gastro-oesophageal junction is 
probably not yet stabilized in its normal position. 
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Some of the clinical features of infantile hiatus 
hernia, even when there is no associated hyper- 
trophic pyloric stenosis, also suggest the presence 
of a gastric emptying disorder. That the hernia and 
the incompetent cardia, although responsible for the 
development of oesophagitis, are perhaps not the 
primary cause of the main symptom of vomiting is 
indicated by the fact that, in those children treated 
medically and in many of those treated surgically, 
the hernia and gastro-oesophageal reflux may still 
be demonstrable radiologically many months after 
vomiting has ceased. Interference with gastric 
emptying is suggested by the frequent clinical finding 
of visible gastric peristalsis and by the fact that the 
vomiting itself, unlike the passive postural reflux of 
a small quantity of gastric contents which occurs in 
the adult, is usually forcible or even projectile, of 
large volume and not immediately controlled by 
postural treatment. 


Medical management of hiatus hernia in infancy 
is often successful in relieving the symptoms and in 
allowing spontaneous cure of the hernia and the 
development of a competent gastro-oesophageal 
sphincter. The disadvantage of conservative man- 
agement is that hospital treatment must often be 
prolonged, and it is difficult to decide when the 
patient may be considered free of the risk of 
complications developing. It is often considered 
that cure has been achieved when vomiting ceases 
and the child gains weight normally. The hernia 
and the incompetent cardia persist, however, for 
some considerable time after vomiting has stopped 
and the symptomless patient may still be exposed 
to the risks of oesophagitis and its sequelae. Severe 
complications, if they are going to occur, usually 
develop early but this is not invariably the case; in 
one of our patients an oesophageal stricture first 
appeared at the age of 10 years (Figs. 5 and 6). 
Chronic penetrating ulcer of the intra-thoracic por- 
tion of the stomach (Barrett’s ulcer) may also develop 
in later childhood (Fig. 7). 


The conventional surgical procedure for hiatus 
hernia in the child, as in the adult, is transthoracic, 
transdiaphragmatic reduction of the hernia and 
repair of the enlarged oesophageal hiatus. In our 
experience of 40 cases this operation has not given 
satisfactory results; vomiting has persisted after 
operation in over 50°, of patients and radiological 
examination, carried out one year or more after 
operation, has shown recurrence of the hernia or 
persistence of gastro-oesophageal reflux in over 70%. 
Unsatisfactory results of hiatal herniorrhaphy in 
childhood have also been recorded by Husfeldt 
(1953) and by Thomsen (1955). 

Although there is no radiological confirmation of 
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Fic. 5.—Hiatus hernia without stricture n boy aged 6 years. 





Fic. 6.—Same patient as in Fig. 5, aged 10 years. 
stricture. 


Severe oesophageal 


a gastric emptying disorder in cases of infantile 
hiatus hernia, there would appear to be sufficient 
clinical evidence of its temporary presence, respon- 
sible at least in part for the development of the 
lesion and the production of the symptom of 
vomiting, to justify the therapeutic application of 
this hypothesis. The operation of pyloroplasty has 
therefore been applied to the treatment of hiatus 
hernia in childhood. The rationale of this procedure 
is that facilitation of gastric emptying will discourage 
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Fic. 7.—Operation specimen. Chronic penetrating peptic ulcer 


(Barrett’s ulcer) of intra-thoracic part of stomach in boy aged 9 yea, 
with recurrent haematemesis. 
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vomiting and encourage spontaneous cure of the 

hernia and the development of a competent gastro- 

oesophageal sphincter. Peptic oesophagitis is due 

to reflux of pepsin and acid from the stomach; thes 
most severe effects are probably produced by reflux 

of unbuffered gastric juices when the stomach is 

empty of food. In order to inhibit this neurogenic 

peptic secretion and so render inert fluid regurgitat- 

ing into the oesophagus, bilateral vagotomy has been 

performed in addition to pyloroplasty when endo- 

scopy revealed the presence of oesophagi] These. 
procedures have so far been applied to only a small ° 
series of cases. The early response has been satis- 

factory but more prolonged study of the patients is 

required before full assessment of the results is 

possible. 


Summary 


The pathogenesis of infantile hiatus hernia is 
discussed. It is considered that an important factor 
in the causation of the hernia and in the production 
of vomiting is a disorder of gastric emptying. The 
operation of pyloroplasty and, in the presence of 
peptic oesophagitis, vagotomy has therefore been 
carried out in a small series of cases. 


I am grateful to my colleagues Miss Isabella Forshall 
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TEMPERATURE CHANG ES o 
DI ; JRING NEONATAL SURGERY* 


BY 





MALCOLM H. GOUGH a 
hon ‘The Hospital for Sick Children, Great Ormond Street, London 


My subject is temperature changes occurring 
during neonatal surgery. My interest in this subject 
was stimulated by the obvious cooling which 
occurred during neonatal operations, the absence in 
current practice at Great Ormond Street of any 
special measures to prevent this loss, and the varied 
methods of rewarming in practice. Also there 
occurred one or two cases of post-operative sclerema, 
and it seemed worth while to investigate this 
temperature loss more fully, 

In the past six months or so I have recorded the 
temperatures, at 10-minute intervals, of 25 infants 
during operation. Temperatures have been recorded 
in all cases by a Thermocouple calibrated against an 
alcohol thermometer reading over the range 
20-40° C. and the lead has in all cases been placed 
in the rectum, except on the two occasions when this 
would have interfered with the operation. An 


oesophageal lead was then used. The oesophageal | 


temperature has usually been found, on the 
occasions when both readings have been: taken, to 
be somewhat higher than the rectal, but the: same 
rate of drop has occurred. 

The infants are divided mio two. groups: in the 
first 14 the existing practice was followed, no 
measures being taken to prevent heat loss, and in 
the next 11 cases the limbs and trunk, apart from 
the operation site, were insulated with cotton wool 
held in position by crepe bandages. On later 
analysis of the type of operations performed it was 
found that these two groups could fairly be com- 
pared. 

The average time of operation was 80 minutes 
and the average temperature loss in the control 
group was 2:31° C. and in the insulated group 
1-56° C. (Table 1). The following are some graphic 
records of these infants, all of whom were less than 
7 days old. 

In the control group. je greatest loss recorded 
was in a 6-day-old infant with a diaphragmatic 


* A paper read ata meeting of the British Association of Paediatric 
Surgeons held in Liverpool in June, 1959, 








hernia which was reduced through an abdominal 
approach. She had a good initial temperature and 
lost 4° C. in 100 minutes (Fis. D 
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Fic. 1J, H., aged 6 days, birth weight? Ib. 1 oz. 

diaphragmatic hernia. 


Diagnosis: right 


-A characteristic chart is shown in Fi ig. This - 
is an oesophageal temperature areca as the 
baby was- having a ‘pull- through’ operation for — 
anorectal agenesis. There was quite a good initial 
temperature with a steady loss. thereafter until the 












_ peritoneum was closed, when there was a slight 
elevation. h 
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: Fig. 3 is from another child with a diaphragmatic 
ernia: which was again reduced through: the 
al though rather more easily than in the 
t child. This chart shows well the marked and 
ay temperature drop, the loss being 1-8° C. in 


n “the: temperature of the child and its 
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Fic. 4.—F.D., aged 3 days, birth weight 4 ib, 2 oz. Diagnosis: ‘jejunal 
atresia. . 
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Fic. 5.—S.W., aged 5 days, birth weight 6 ib. 14 oz. 


Diagnosis: 
oesophageal atresia, — ks 


There were four cases of oesophageal atresia in 
The 


the control group. Fig. 5 shows one of these. 
temperature losses in these four cases were 17°C., 
2°6° C., 2°6°.C. and 3-S° C. 


In the second group of cases, which were insu- 
lated, there were three cases of oesophageal atresia. 


Their temperature losses at operation were 1:6° C., 

1-4° C. and 1:2° C., and the chart of one of them i 
(Fig. 6) illustrates well the difference in rate of | 
temperature loss. The operation here was rather 
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Fic. 7. —D.G., aged 3 days, birth weight’ S tb, 41 oz. 


Diagnosis : 
oesophageal :¢ atresia, 


| shorter than that of the previous case in the control 
group, but the temperature loss in 80 minutes was- 
oo 14° C. whereas in the uninsulated child it was 


3-2° C. in the same time. 
A representative chart i in the insulated group is 


This baby had a good initial temperature: 


the loss thereafter was well controlled. Finally 


Diagnosis: 


unbent; 


of conditions: in the theatre.. 
temperature was 24°5° C, (76% F.) with a range of 
—.20-26-7° C.: 
— 50° with a range of 41-64%: the number of 
a oe ‘of: one of the other cases. of. oesophageal atresia — 
Coe Rie 
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Fig. $.—-L.M., aged 2 days, birth weight 4 Ib. ‘Diagnosis: Heal 


“atresia. y e 


an impressive recommendation for insulation is the 


_chart (Fig. 8) of a 4 Ib. (1,800 g.) infant operated 


upon for ileal atresia. Ine 65. minutes the total 
temperature loss was only 0:9° C. The figures of 
all the recordings are shown i in Figs. 9 and 10. In 
the control group the loss. per operation averaged 
2:31° C, or 0033 CL per minute, and in the 


insulated group the average loss was 1:°56° C. or 


0:02° C. per minute. | 
Points which arose during these PAER EP were: 
A) in several cases there was a considerable 
temperature drop. between: ‘the. time the child was - 
brought into the theatre and removed from the 


incubator. and the time the- ‘operation was com- 


menced. Such temperature loss can, and should be, . 
avoided. 

(2) The diathermy electrode: pad used _ during ; 
these operations measured 10 x 7 cm. The lead 
plate is enclosed in a cover soaked in saline, and 
placed under the baby’s sacrum. The size of this 


plate could ‘safely be reduced if especial care were — 


taken in applying the pad, which should be kept 
the use of electrode. Jelly might also help - 
to diminish temperature loss. o 

BN Records were taken during. these operations : 
‘The average theatre — 


the average relative humidity was only 


persons present in the theatre varied from a minimum 
of seven to a maximum of 17... The ventilation 
system during all but one of these operations was 
changing the ‘theatre air. af times an hour. A 






remetis 





“30 40. 50 55 60 60 80 90 90 90 100 10 HỌ 120 
a “TIME IN MINUTES 


Fic, 9.~-Figures of all the recordings in the control group. 


S higher environmental temperature and humidity 
` will reduce heat loss and a temperature of 26-5° C. 
«(80° F.) is not too unpleasant for the surgeon or 

theatre staff. 

The question which, of course, arises is whether 
temperature loss in these newborn infants matters. 
Twenty-five cases is too small a series from which 
to draw any conclusions, but there was no significant 
difference noticed in the post-operative courses of 
the infants in these two groups. A vast amount of 
research has been undertaken of late into hypo- 
thermia and its effects, but I venture to suggest that 
„the problem as referable to a newborn baby—and 
not infrequently a premature baby as well—is rather 
different from that in older children or adults. We 

- take great care to maintain the temperature of our 

newborn babies post-operatively (at Great Ormond 
Street they are almost all nursed in incubators), and 
itsseems irrational not to try to prevent heat loss at 
operation, 
.. Silverman, Fertig and Berger (1958) reported the 
result of an investigation to determine the effect of 
temperature on the survival rates of premature 
infants. Their results confirmed the view that 
survival rates can be increased by reducing the heat 
= loss of such infants in the first few days of life. 

_ Many neonatal surgical emergencies occur in 

_ premature infants, and for full-term infants it seems 

-` not unreasonable to suggest that heat conservation 

is also important. The more premature the infant 
the more inefficient is its temperature regulating 
mechanism; a normal baby also has a relatively 
immature regulating mechanism but after several 
days, perhaps a week, this mechanism has adapted 

_. itself to meet the needs of its new environment. The 

-=s factors involved in this inability to regulate tempera- 

ture are the immaturity of the centre itself—Brock 
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Fic. 10,—Figures of all the recordings in the insulated group. 


called this ‘lack of practice’ (Ungeiibheit); the 
inadequacy of the vasoconstriction and shivering 
mechanisms; and a relatively large surface area 
with a small amount of subcutaneous fat, both 
predisposing to excessive heat loss. On the heat 
production side it is worth mentioning that although 
the infant’s basal metabolic rate is higher than the 
adult’s, using body weight as a criterion, it is lower 
when estimated against surface area, and this is even 
more marked in the premature infant (Smith, 1951). 

Rickham (1957) mentioned that in his series no 
active means were taken at operation to maintain 
the body temperature and listed three theoretical 
objections to heating the subject at operation, 
namely (a) that peripheral vasodilation may have 
the effect of depriving the vital centres of blood flow, 
(b) that a low temperature decreases the oxygen need 
by reducing the metabolic rate, and (c) that hypo- 
thermia increases neonatal resistance to anoxia. 

Peripheral vasodilation is certainly undesirable 
and it should be remembered, in this context, that 
it is as easy to overheat an infant as to overcool it. 
I do not feel that the other two objections offer 
sufficient justification for allowing a large operative 
temperature drop. 

A brief word about sclerema, the condition 
characterized by a yellowish-white skin which has a 
firm resistant feel, which does not pit on pressure 
and which is fixed to underlying bone and muscle. 
One case in this series developed the condition. This 
very ill baby had had a laparotomy elsewhere for 
intestinal obstruction. He was transferred to Great 
Ormond Street, was thought to have gastro-enteritis 
and possibly septicaemia in addition to his obstruc- 
tion, and at re-operation required a colostomy for 
Hirschsprung’s disease. He was treated with intra- 
venous hydrocortisone immediately post-operatively 


a continued and he happily, anı 





- thermia may appreciab 
_ adequate respirations | and- ‘predispose _ to ` post- 
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In spite of this he — 


as a resuscitative measure. 
“The hydrocortisone was - 


developed gross sclerema.. 






: recovered. His initial. temp | 
(97-5° F.), his limbs. wert pa ded and he lost. only 
1-4° C. during. the. operation. . ‘Excessive cooling 








does seem, from ‘reports, to. predispose to the- 
EEr development. of sclerema, but. it seems as if quite 
E frequently, and possibly always, an infective process A 


is involved also. pa 
The conclusions which may be drawn from these 
. investigations therefore are: z 


(1) Infants at operation may. lose a aai o 
amount of heat, The full biochemical implications K 
of this heat loss are at present ‘unknown, but itis the 
-opinion of one authority at least (Payne, 1959) that _ 

they are probably not very important. 


on the infant’s respiration. is 
important and more easily 









- Operative chest. complications. - 


- Itis possible to reduce this temperature loss 
by one-third by the simple expedient of wrapping p 


the infant in cotton wool. A higher theatre 


temperature than i is. customary has also been. shown l 


to diminish loss. 


- an a high environmental tem 
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active heating by hot wate 
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a operation an infant who 

low, ‘especially, one suspe 
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-The effect 
more immediately i 
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- delay the return of 


E the i interest. he has peie a: nae 
-has offered me, both during is i 
-preparation of: ‘this ‘paper. 
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_ INCUBATOR FOR INFANTS UNDERGOING SURGERY* 


BY 









is : years all infants operated upon 
nthe Neonatal Surgical Unit at Alder Hey 
A dren’ s ; Hospital have been nursed in incubators 
luring the immediate pre- and post-operative 
riod. The infants are nursed at a constant 
temperature of 85° F. (29-5° C.). Draughts and 
sudden changes in temperature are thus prevented 
anid the infants can be nursed naked. The rate and 
type of respiration can be constantly watched, the 
abdomen can always be inspected and the child can 
move freely and unrestrained by clothing. If 
necessary he can be nursed in a definite concentration 
of oxygen, which is important in cases with pul- 
monary collapse, pneumonia or abdominal disten- 
sion. The infants are nursed in an atmosphere of 
100% humidity, which, in our experience, is the 
most important single factor in the prevention of 
post-operative pulmonary complications, as it 
liquifies the sticky pulmonary secretion, thus pre- 
venting blocking of the bronchi and pulmonary 
collapse (Rickham, 1957a). | 
_ It has been shown by O’Brien, Hansen and Smith 
(1954) that newborn infants nursed under the 
atmospheric conditions described above have an 
insensible water loss less than half that of infants 
nursed at room. temperature and humidity. The 
>o high atmospheric humidity not only reduces water 
< -Joss to a marked degree, but it also makes any 
-metabolic balance studies which may be carried out 
~~ -much more accurate, since at a temperature of 88° F. 
GI CG). and: 100% humidity the daily water loss 
“> remains constant. at 13-8 g. per kg. of body weight 
~~ (Rickham, 1957b). 
> - Nursing in incubators is even more important for 
=- premature infants undergoing surgery than for full 
term babies. Premature infants stand a fall in body 
_ temperature very badly and require to be nursed at 
`- incubator temperatures of between 90° and 95° F. 
o (32° to 35° C.). Any marked drop in body tempera- 
_ ture in premature infants undergoing surgery pre- 
— disposes to sclerema, the development of which may 
te proye fatal (Rickham, 19570). 
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. Surgeons held in Liverpool! in June, 1959. 
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P. P. RICKHAM and JEAN M. JENKINS 
From the Alder Hey Children’s Hospital, Liverpool 


Experience gained in the nursing of surgical 
newborn babies during the last 10 years has shown 
that the incubators in use for premature infants in 
medical paediatric practice are not very suitable for 
newborn babies undergoing operations. These 
children should be brought to the operation table 
in an incubator and should after operation be lifted - 
off the table and returned to the incubator. Pro- 
cedures such as examinations, obtaining blood 
samples, setting up intravenous infusions, sucking 
out the pharynx, passing stomach tubes, endo- 
tracheal intubation and artificial respiration should 
be carried out in the incubator with the minimum 
disturbance of the infant. An incubator which is 
employed to transport babies to and from the 
operating theatre must be provided with oxygen 
supply and drip stands. 

A number of infants admitted to the unit for 
operation have been submitted to balance studies 
necessitating careful intake and output estimations 
and accurate daily weighing. Considerable dis- 
turbance was caused to the babies by these investiga- 
tions when ordinary incubators were in use. 

It was decided to modify a standard incubator so 
that it would fulfil the requirements mentioned 
above. The Mark IV incubator made by Messrs. 
Oxygenaire, Ltd., London, was chosen for this 
purpose. The modified incubator has now been in 
use for several months and has proved very satis- 
factory. 

The Mark IV incubator contains no electric 
motor, air circulation being produced by thermal 
convection. The absence of a motor eliminates 
many causes of mechanical breakdowns. Apart from 
the usual humidifying mechanism, a built-in atomizer 
(Fig. 1) permits the raising of the atmospheric 
humidity to 100% within a few minutes. Warm 
dry air circulates behind the front panel preventing 
misting due to humidity and allowing the infant 
to be watched at all times. Even with an oxygen 
inflow of 6 litres per minute the oxygen concentra- 
tion in the incubator cannot rise above 35%; with 
the usual practice of allowing 14 litres per minute, 
the concentration is 26%. There is a slight positive 
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Fic. 1.—Rear view showing atomizer n centre and receptacle for 
urine on left side. Note adjustable drip stands and oxygen cylinder 
carrier. 





Fic. 2.—Front view show- 

ing large sliding doors. 

Plastic cradle is suspended 

from weighing machine. 

Note metal buckles at edge 
of plastic cradle. 
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Fic. 3.—Infant nursed in semi-sitting position on adjustable backrest. 


pressure in the incubator, so that opening it does not 
cause air to rush in. 

In the modified surgical model the front panel is 
composed of two horizontally sliding doors, which 
when open give the widest possible access. The 
groove in which the sliding doors run is just below 
the level of the tray on which the infant lies so that 
the infant can be handled without discomfort to the 
nurse’s arms. 

The child is nursed on a plastic, radio-translucent 
cradle, which can be tilted into Trendelenburg’s and 
anti-Trendelenburg’s positions. Six metal buckles 
are fixed along the edge of the cradle and it is thus 
possible to immobilize the baby in various positions 
by tying the limbs to the buckles (Fig. 2). In order 
to nurse the infant in a semi-sitting position, which 
may be necessary for such conditions as hiatus 
hernia, an adjustable backrest is incorporated 
(Fig. 3). Radiographic pictures are taken by placing 
the photographic plate underneath the plastic cradle 
on a metal tray which can be pulled out through a 
hinged panel situated on the left side of the incu- 
bator. In order to facilitate accurate placing of the 
cassette beneath the infant, the metal tray is divided 
into numbered squares corresponding to numbers 
painted on the side of the plastic cradle. The cassette 
is fixed securely to the tray with the aid of a metal 
bar attached to two rubber suction pads (Fig. 4). 

On the right side of the incubator there is a hinged 





Fic. 4.—Left side panel. Metal tray pulled out and radiographic 
cassette fixed in position by metal band suction pads. Note drip feed 
apertures. 
panel 6 in. in height (Fig. 5). With this flap open, 
various procedures can be performed. On admission 
the infant is placed into the incubator with his feet 
pointing towards this panel. When an intravenous 
infusion is set up in the ankle the child’s feet are 
pulled out of the incubator through this opening 

(Fig. 6). 
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Fic. 5.—Right side panel showing large hinged flaps with deep slots guarded by plates cut into upper border. 





Fic. 6.—Intravenous infusion is set up in internal saphenous vein 
at right ankle. 
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Fic. 8.—Artificial respiration given by endotracheal intubation. 








‘Following the operation the infant is put back 
» the incubator with the head pointing towards 
flap Yaad potting lures such : as en intubation 


hl f of each side od The 
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cylinder carrier slung- beneath the bottom shelf 


(Fig. 1). | 

The infant can be weighed i in the incubator without 
much disturbance by suspending the cradle. on 
which he lies from an accurate weighing machine 
placed on top of the ‘upper lid (Fig. 2). 
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DEVELOPMENTAL POSTERIOR ENTERIC REMNANTS 
AND SPINAL MALFORMATIONS* 


=- THE SPLIT NOTOCHORD SYNDROME 


BY 


_J. F. R. BENTLEY and J. R. SMITH 
c From the Royal Hospital for Sick Children, Glasgow 


Clinicians have only recently recognized the 
aetiological factors that connect a wide variety of 
developmental anomalies of the skin of the back, 
the spine, the central neryous system and the gut 
(Beardmore and Wiglesworth, 1958; Nathan, 1959). 
Starting with the observations of Lereboullet (1863) 
on the formation of sagittally split embryos from 
artificially inseminated pike ova, evidence has slowly 
accumulated which shows their common origin from 
a single aberration of development. | 

The many publications in the intervening years 
dealing with these apparently dissociated mal- 
formations have been difficult to correlate, due to 
variations in both. terminology and suggested 


+ 


extent of the separation being variable; this results 
in a gap developing in the dorsal tissue mass between 
the two parts of the notochord (Figs. 1 and 2). 
Through this gap the ventrally situated yolk sac. 
or gut anlage endoderm will herniate and it eventu- 
ally adheres to the. dorsal ectoderm or skin anlage 
(Figs. 3 and 4). The hernia may rupture to produce 
a fistula from the yolk sac into the amniotic cavity 
which separates- the halves of the future cord and 
spine (Fig. 5). Subsequent differential growth of 
the. embryo tends to close and obliterate the fistula 
and the extent of residual lesions depends on the 


success attained by this process. Thus the develop- 


aetiology. The purpose of this paper is: (i) To- 


summarize the embryological. background to the 
concept of the split notochord syndrome; (ii) to 


suggest a generic title for the- group of anomalies 


and a nomenclature for the gut components ; 
(iii) to describe five illustrative cases; and (iv) to give 
key references to the relevant: literature. 

The split notochord syndrome embodies lesions 
that have been described under the following titles: 


Anterior and Gormbined: spina bifida; ‘butterfly 


vertebra’; diastematomyelia; diplomyelia: Klippel- — 


Feil syndrome; accessory or persistent neurenteric 
canal; dorsal intestinal fistula; spinal and cranial 
cysts; post-vertebral | “teratomatous’ or dermoid 
cysts and sinuses; „pre-vertebral, mediastinal or 
mesenteric cysts; some enteric. ‘duplications’ or 
diverticula; vesico-intestinal fissure and certain 
intestinal malrotations. and diaphragmatic herniae. 


Embryology 


An embryo may develop with partial duplication 
and separation of the notochord, the level and 
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* A paper read ata meeting of the British Association of Paediatric 
Surgeons held in Liverpool in June, 1959. 


Jead to dorsal dermoid cysts and sinuses. 


ment of the base of the skull, vertebral column and . 
central nervous system may be affected as well as 
gut, while sequestration of dorsal ectoderm may 
Persisting 
remnants of yolk sac origin may differentiate into 
tissues characteristic of any part of the gut or its 
embryological derivatives such as lung, etc. (Figs. 6, 
7, 8, 9).. Differential growth of gut and vertebral 
column leads to wide separation of the areas . 
affected in each, as in long diverticula originating 
within the abdomen and passing through abnormal 


openings in- the diaphragm to a ‘high thoracic 


vertebral attachment. Furthermore, abnormal fixa- 
tion of gut to the vertebral column may cause 
subsequent failure of rotation. 


_ Clinical Presentation 

Hitherto all the consequent malformations have 
been considered individually as extreme rarities, 
but if they are grouped the basic pattern is found to 
be fairly common. 

These malformations may be considered to fail 
into two broad classes: (a) visceral malformations, 
and (b) spinal and central nervous malformations. 
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Fic, 2,—Section across anomaious embryo with split notochord. 
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- Fic. 1—-Anomalous em- 
o bryo (2 mm.) with split 
notochord (‘ring. em- 
O byo oo 





Diverticulum 






Notochord 


Yolk sac 
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FiG. 3.—Posterior diverticulum of yolk sac developing between split 
-< ` elements of notochord, 
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Fic. 4.—Early stage in evolution of developmental posterior enteric Fic. 5.-—Established developmental posterior enteric fistula. 
od hs pan ee fistula. k 
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Fic, 6.—Prevertebral developmental posterior enteric cyst. Fic. 7.—Postvertebral developmental posterior enteric cyst. ° 
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Fic. 8.—Developmental posterior enteric sinus. Fic. 9.—Distribution of developmental posterior enteric remnants. 










-{a) Visceral Malformations. The theoretical con- 
iderations accord well with the observed develop- 
ntal anomalies classed in this paper as posterior 
nteric remnants. These may comprise certain 
esenteric or posterior mediastinal ‘duplications’, 
erticula or cysts connected by fibrous strands to 
he anterior aspect of the body of a vertebra situated 
halad to the enteric remnant. The vertebral 
ody concerned is often bifid, and a complete 
terior and posterior spina bifida occasionally 
Histological examination. of the remnant will 
ually show the presence of smooth muscle and 
nteric mucosa in the walls of the lesion. The 
nucosal type may differ from that of the gut to 
hich it lies adjacent, and it may be flattened and 
= atrophit, the appearance giving no clue to its 
derivation. Occasionally broncho-pulmonary or 
. other tissues primarily derived from the developing 
gut will be present. ` 
The developmental posterior enteric remnants 
“may be subdivided as follows: 

(1) Fisrutar. When obliteration of the embry- 
onic fistula fails completely the track passes back 
rom the gut through the mesentery or mediastinum, 
raverses a complete spina bifida which may be 
coupled with a diastematomyelia or diplomyelia, to 
open on the skin in the midline of the back. 


(2) Srnuses. The dorsal part of the embryonic 
fistula is all that persists. It forms a sinus derived 
from cutaneous or enteric tissues that passes forward 
from the midline of the skin of the back. There 

- may be an underlying posterior or complete spina 
bifida. 7 $ 

(3) POSTERIOR ENTERIC DIVERTICULA. The ventral 
part of the embryonic fistula remains and com- 

_ municates with the gut. There may be an associated 
anterior spina bifida or fibrous adhesion to a 
vertebral body. 
_ (4) POSTERIOR Enteric Cysts. Only an inter- 
o mediate part of the embryonic fistula or diverti- 
 culum persists and the atrophic portions are repre- 
sented by fibrous bands. These cysts may be 
- prevertebral (posterior mediastinal or mesenteric), 
vertebral (spinal. or mid-brain) or postvertebral in 
- position. Many examples of the latter have been 
classed as teratomatous cysts. Anterior, combined 
or posterior spina bifida can be associated lesions. 
_. Bremer (1952) proposed the term ‘dorsal intestinal 
_ fistula’ to cover this group of anomalies, a term we 
_ reject as so few of the lesions are true fistulae. The 
term ‘enteric duplication’ has also been applied to 
some of these lesions, causing confusion, as it should 
be restricted to anomalies attributable to defects of 
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embryonic vacuolation of the gut, an entirely 
different process (Bremer, 1944). 

Malformations of the heart and great vessels, 
oesophageal atresia and hiatus hernia have also been 
observed in association with defective spinal develop- 
ment. Whilst their coincidence is compatible with 
the theory of the split notochord, positive evidence 
is lacking. 


(b) Spinal and Central Nervous Malformations. 
The gap in the dorsal tissue mass of the embryo, 
which is associated with a split notochord, may close 
without trace in the process of development. When 
this closure is less than complete the resultant spinal 
defect may range from a slight widening of the verte- 
brae to a complete anterior and posterior spina 
bifida. Minor degrees of anterior spina bifida 
produce the radiological appearance known as 
‘butterfly vertebrae’, which may not be demonstrable 
without tomography. The more gross lesions may 
enclose enteric or cutaneous elements, as has been 
indicated. Pairs of hemivertebrae in these lesions 
may assume individual (if distorted) growth; fusion 
of the medial pedicles so formed results in the bony 
spur found with diastematomyelia (Fig. 10) 
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Fic. 10.—Diastematomyelia, 


(Bremer, 1957). In this connexion it is noted that 
fusion of the cervical vertebrae constitutes the 
osseous element in the Klippel-Feil syndrome, and 
that these vertebral bodies are often split. 

The spinal canal is widened in each of these types 
of vertebral modification, and anterior or posterior 
meningocoeles may protrude where the spine is bifid, 
When the spinal cord itself is cleft, the separated 
halves seldom rejoin inferiorly, possibly due to 
tethering by the nerve roots. Each half of the cord 
is invested in meninges derived from the spreading 
mesenchyme, and the two median walls of the dura 
and arachnoid may fuse to form a sheet of tissue 
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which contains any remnant of an enteric fistula. 
Within the meninges each half of the neural groove 
develops, either as the lateral half of a spinal cord 
(diastematomyelia) or as one of a pair of whole but 
malformed cords (diplomyelia) (Herren and Edwards 
1940). During late foetal life the spinal cord 
migrates up the spinal canal and the injured segment 
becomes separated from the bony lesion, a process 
which can be limited by the anchor of a long bony 
spur. Matson, Woods, Campbell and Ingraham 
(1950) describe the clinical picture and the relief of 
symptoms consequent on excision of the spur. 
The visceral, cutaneous, spinal and nervous 
lesions described so far in relative isolation may 
coincide in a variety of combinations, while hamarto- 
matous malformation of the affected tissues not 
infrequently contributes to their bizarre nature. 


Clinical Reports 


Various manifestations of the split notochord 
syndrome within the chest and abdomen have 
frequently been described in detail under a variety 
of titles. There are fewer records of posterior 
enteric remnants situated within or behind the 
vertebral column, and five of these cases are there- 
fore described. Three are personal cases, and the 
others were recognized in the library of recent 
clinical photographs. The number in no way 
reflects the total experience of the condition at the 
Royal Hospital for Sick Children, Glasgow. 


Case 1. M.F. This girl was seen by Mr. Matthew 
White at the age of 11 years when she began to get 
attacks of pain in the left thigh precipitated by coughing. 
She had a limp and the left lower limb was 4 in. shorter 
than the right. A sinus 1 in. in diameter opened over 
the lumbo-sacral spine (Fig. 11); the surrounding tissues 
were tender but there was no neural deficit. Radiographs 
revealed a complete spina bifida of the lumbar spine and 
upper sacrum. A sinogram outlined the sinus to the 
laminae, and this part of the track was excised. The 
pathologist described it as a dermoid growth composed 
of skin elements and embryonic lung tissue. The lining 
was partly squamous epithelium in which were sebaceous 
glands and hair follicles. Adjacent were differentiated 
cartilage, embryonic bronchial cartilage and primitive 
lung tissues. The ciliated epithelium lining the bron- 
chioles was supported by actively secreting mucous 
glands. 

The sinus persisted but the girl remained well for four 
years, then being admitted to the Orthopaedic Unit, 
Western Infirmary (Mr. R. Barnes) with severe left 
sciatica of two weeks’ duration. She was toxic and 
febrile to 102° F. with a fluctuant swelling above the 
sinus. She responded to treatment with sulphadiazine; 
penicillin and achromycin were ineffective. 








Fic. 11.—Case 1. 


Developmental posterior enteric sinus, 


Fic. 12.—Case 1. Cysternal myelogram consistent with diastemato- 
myelia. 
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Subsequent investigations included a cysternal myelo- 
gram. The contrast medium ran down to the lumbar 
lesion and outlined both sides of a solid swelling ‘within 

the canal’ (Fig. 12). Stereoscopic studies revealed a 
flake of bone consistent with diastematomyelia in the 
upper lumbar spine. The cerebrospinal fluid was normal 

{Lange negative, protein 30 mg. %, sugar 50 mg. %, 

hiorides 714 mg. %). 

After three and a half months’ bed rest the child was 

ischarged ‘symptom free, only to be readmitted 10 

months. later for a further two months because of 

ent left sciatica. She was again pyrexial and toxic 

a diffuse, tender, non-fluctant swelling of the left 

high and buttock extending to the lumbo-sacral area. The 

leucocyte count was 25,000 c.mm., the urine was normal 

. and a blood culture proved sterile. The left femoral radio- 

<o graph was normal. Urgent exploration of the left thigh 

- “opened an abscess deep to the tensor fasciae latae, 

< yielding two and a half pints of pus from which coliform 
< organisms were cultured. 

. + She received tetracycline and responded well, but 
sinuses intermittently discharged from the left thigh and 
lumbo-sacral skin. This persisted for 10 months after 

“ewhe left hospital and she was therefore readmitted. 
Secondary infection with penicillin-sensitive Staphylo- 
coccus aureus had now occurred, the sinuses following 
the course of the previous abscess cavity. Healing was 
ot promoted by systemic penicillin, so local instillation 
f chloramphenicol was tried. After treatment for one 
month an abscess reformed from the spinal defect and 
again Escherichia coli was isolated from the pus. Further 
drainage and chloramphenicol instillations sterilized the 
cavity, leaving a chronic sinus. After eight months in 
hospital, treatmert was continued in the out-patient 
department and healing has slowly occurred. 


















Case 2. O.C. This girl was admitted under the care 
of Mr. Andrew Laird four days after premature birth 
with a gross malformation of the back. Bowel 
herniated extensively through the centre of the lumbo- 
sacral region forming a ‘prolapsed natural colostomy’ 
with exposed intestinal mucosa. The stoma was at the 
lower part of the prolapse and through it a catheter was 
passed into a prolapsed rectum (Fig. 13). Radiographs 
of the spine show duplication below the second lumbar 
vertebra and prolapse of gut backwards through the 
spinal defect (Figs. 14 and 15). Active treatment was not 
attempted and the infant died at home after eight days 
in hospital, 


Case 3. F.McL. This boy was admitted to Mr. 
Dennison’s wards at the age of 4 weeks. A hemi- 
spherical swelling 1 in. in diameter protruded in the 
midline over the upper sacrum. The basal two-thirds 
of the swelling were covered by normal skin and the 
apical third with mucous membrane which showed 
intermittent waves of peristalsis. In the centre mucus 
exuded from the orifice of a sinus (Fig. 16). This 
7 Ib. 6 oz. infant appeared normal in all other respects, 
including radiographs of the spine and barium studies of 
the gut, apart from a skin dimple below the lesion. 

The lesion was excised together with the skin dimple, 
to which a narrow fibrous pedicle arose from the sacral 
hiatus. Healing was uncomplicated. 

The excised ellipse of skin measured 3 x 2-5 cm. and 
its centre looked like an enterostomy stoma from which 
a sinus penetrated just short of the deep surface of the 
specimen. Microscopy showed the skin to become 
continuous with a blind pouch of small intestine com- 
plete in all its layers. There was no evidence of meningo- 
coele (Fig. 17). 





Fig. 13 


Figs. 13 to 15.—Case 2. 





Fic. 14 


Developmental! posterior enteric fistula. 


Fic. 15 


Radiographs of spine. Complete spina bifida. 
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Fic. 16.—Case 3. Developmental posterior enteric sinus, 





Fic. 17.—Case 3. 


Microscopic appearance of excised sinus. 


Case 4. A.G. This 6 lb. 1 oz, girl was admitted to 
Mr. Dennison’s wards within 24 hours of her birth at 
term. Her general health was good, but a meningocoele 
3-5 cm. in diameter covered by thin intact skin arose 
from the lower thoracic spine. Beneath the sac was an 
umbilicated red area 1 cm. in diameter, which had a 


smooth moist surface changing abruptly to normal skin 
at the periphery. The umbilication twitched slightly 
coincident with inspiration, and a probe was passed to 
7mm. An ill-defined soft swelling 2-5 cm. in diameter, 
covered by normal skin and with a bony spur palpable 
in its depths, extended on each side of the red area from 
below (Fig. 18a). A lower dorsal combined spina bifida 
was shown radiographically (Fig. 18b). 

On the third day the meningocoele was excised with 
ligation of a narrow pedicle. The umbilicated lesion was 
found to be flanked by loose fatty tissue resembling 
infantile omentum but containing some muscle. The 
inspiratory retraction of the red dimple ceased when it 
was isolated to its pedicle, which emerged from an orifice, 
incomplete above, in the apex of a cone of fused spinous 
processes. The lesion was excised without removal of . 
bone or exposure of the spinal cord. The child was 
discharged well and healed on the twenty-fifth post- 
operative day. j 

Microscopy confirmed the absence of nerve tissue in 
the meningocoele. The umbilicated area was covered by 
poor squamous epithelium, ulcerated in places. The 
track penetrating the deeper tissues was lined partly by 
squamous and partly by respiratory epithelium, ande% 
mucous glands were present in the wall. No smooth 
muscle was seen, but striated muscle and cartilage were 
in close proximity. The skin around the lesion showed 
an excess of the normal appendages in the dermi 
(Fig. 19). 


Case 5. M.G. This 84 lb. boy was admitted 24 
hours after a normal birth at term. In addition to 
exstrophy of the bladder he had intestinal obstruction 
due to anal agenesis. His rudimentary scrotum was 
bifid and the testes were undescended. The two halves 
of the pelvis were separated not only anteriorly but also 
posteriorly where the sacrum was bifid. Projecting 
backwards from the apex of the sacral cleft was a bony 
spur entering a globular mass of tissue covered by skin 
bearing small flat haemangiomatous areas. A bulging 
smooth red membrane occupied the lower part of the 
cleft, and a small meningocoele arose from above the 
bony spur. Limited active movement was seen in the 
lower limbs (Fig. 20). 

Treatment was limited to excision of the meningocoele 
with the bony spur and tissue mass, and left iliac colo- 
stomy under local anaesthesia. Chromosomal sexing 
was established from buccal smears. Although the 
child appeared to thrive he died suddenly and un- 
expectedly on the tenth day. 

No specific cause of death was apparent at autopsy, 
which demonstrated the additional presence of a mild 
hydrocephalus without Arnold-Chiari malformation. 
The rectum was found to be a blind pouch passing back 
between the ureters to form the bulging membrane that 
occupied the lower part of the sacral cleft, and this 
membrane was covered on both its surfaces with 
intestinal mucosa (Fig. 21). The tissue mass excised at 
operation proved to be a teratomatous dermoid contain- 
ing a developing tooth. 
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Fic. 18a.—Czse 4. Developmental posterior enteric sinus. 





FiG. 18b.—Case 4. Radiographs of spine. 





FiG. 19.—Case 4. Microscopic appearance of excised sinus. 
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FIG. 20.—Case 5. Developmental posterior enteric sinus with 
meningocoele, dorsal teratomatous dermoid and exstrophy of bladder 
(vesico-intestinal fissure). 





A” jt oe 


Fic, 21.—Case 5. Microscopic appearance of membrane lying in 
sacral cleft. 


Case Commentary 


The first patient is exceptional in having reached 
the age of 18 years in relatively good general health. 
In addition to her combined anterior and posterior 
spina bifida, diastematomyelia with a bony spur 
and splitting of the meninges investing the spinal 
cord have been demonstrated. The pulmonary 
tissues in the excised sinus have shown potentialities 
comparable with the foetal fore gut, whilst the 
repeated coliform infections which followed the 
partial excision raise the possibility of a tiny fistulous 
connexion with the gut. The second patient is an 
uncommonly gross example of a fistula from the 
hind gut. Peristaltic activity in the third case is . 
remarkable, the enteric sinus lacking any residual 
connexion with the gut. The fourth case may be 
contrasted; here muscle contraction coincided with 
inspiration, suggesting that an abnormal branch 
from a phrenic nerve activated the striated muscle ` 
in a remnant which remotely caricatured bronchial 
elements. The fifth patient has a form of vesicOqes 
intestinal fissure (Hall, McCandless and Rickham, 
1953) showing a dorsal teratomatous dermoid in 
association with posterior enteric diverticulum. The 
existence of intestinal mucosa on both surfaces o 
the terminal membrane of the diverticulum is con- 
sistent with it having been formed by the process 
of pinching off an embryonic fistula. The defects 
in the perineum and lower abdominal wall are 
consistent with a linear midline cleft of the caudal 
end of the embryo and modern concepts of the 
aetiology of exstrophy of the bladder (Glenister, 
1958). 


Discussion 


The researches of Lereboullet (1863) on the effects 
of artificial insemination on the ova of the pike 
showed some of the resultant embryos to be split 
sagittally between a normal head and tail, the yolk 
sac being exposed centrally in the dorsal gap. By 
destruction of the first daughter cell of the frog 
ovum Roux (1888) produced embryos which were 
split but incomplete, but it was Hertwig (1892) who 
showed the production of true ‘ring embryos’ in the 
frog by fertilization of post-mature ova; he accepted 
the dorsal clefts as a variation of the neurenteric 
canal or blastopore, appreciated their role in the 
production of combined spina bifida, and coined the 
word diastematomyelia. Similar changes have been 
produced in mammalian embryos (Warkanay, 1960), 

Oehlecker (1909) emphasized that the commoner 
variety of posterior spina bifida is the result of a 
separate and distinct anomaly occurring much later 
in foetal life, but where there has been a complete 
spina bifida anterior fusion and repair leaves a 
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- persisting posterior defect. With both varieties of 

-spina bifida there may be hamartomatous changes 

zin the overlying tissues, often classified as teratomata 
: Os icholson, 1937). 

“ “Svitzer (1839) claims the first clinical description 
combined spina bifida, the anterior cleft of which 
raversed by coils of gut, and Muscatello (1894) 
wed a number of comparable cases. Lucksch 
Y described a still-born infant with an intestinal 
a traversing an upper dorsal spinal defect, and 
1 and Coplin (1906) reported a patient with a 
enital rectal fistula of bronchial structure that 
assed. through the sacrum and cauda equina to 

en on the skin of the back. The Committee on 

ji fida, Clinical Society of London, in their 
= Report, (1885), recognized that duplication of the 
centre of vertebral bodies could be associated with 
<- bony spurs dividing the spinal cord. 

> The modern concepts which link the observations 
| ọn animal embryos with the clinical findings 
waif man have been developed mainly by Saunders 
(1943), who more recently extended his theory 

jointly with McLetchie, Purves and Saunders (1954). 

y ¿Very similar conclusions were reached independently 
oy Bremer (1952) and the introductory outline of 
this paper is based on the work of these authors. 

= . Hertwig’s theory that complete vertebral clefts 
are due to arrest of the normal fusion of the blasto- 

-pore lips laid the foundations of discussion. The 

views of Budde (1912, 1926), Adelmann (1920), 

Gruber (1923, 1926) and Bell (1923) included 

speculation on the applicability of this theory to 

mammals. Gruber (1926) estimated the time of 
. development of the anomaly and the role of 
mechanica! compression, and Budde (1926) suggested 

- that persistence cf the primitive streak could provide 

an abnormal ento-ectodermal connexion. 

Discounting Hertwig’ s theory, Feller and Stern- 

-berg (1929) suggested that a cell rest from the 

- primitive knot ( Hensen’s node) persists and causes 

a cleft notochord; Korff (1937) further postulated 

. proliferation of the cell rest to form an abnormal 

organ. These workers were the first to draw atten- 

| ‘ion to the importance of the cleft notochord, an 
_ anomaly seen in human embryos by Johnston (1931) 
and Frazer (1931). The migration of the primitive 

_ knot with growth discounts the possibility of its 

derivatives. splitting the notochord. The knot lies 

in the blastopore lip of the normal neurenteric 
canal, a minute tube which exists for a brief period 
_ connecting yolk sac and amniotic cavity; subsequent 
embryonic growth and development are such that 
the remains lie finally at the tip of the coccyx, caudal 
_ to any spinal lesion. For this reason Bremer (loc. 
cit.) avers that the lesion in the ‘ring embryo’ is an 



























“accessory neurenteric canal’ and a perversion rather 
than an arrest of normal development. 

An alternative theory proposed by Fallon, Gordon 
and Lendrum (1954) postulates an upset in the 
normal process of excalation of the notochord, 
which occurs in the third week of foetal life (Keith, 
1948). They were influenced by the work of 
Stoeckel (1935) and Veeneklaas (1952), who noted 
the intimate contact of the endoderm with the 
notochord in early foetal life, and by the description 
by Patten (1946) of a 6-mm. human embryo with 
local kinking and fusion of the notochord to the 
neural tube. One of the authors has since aban- 
doned this conception of the embryology in favour 
of that of Saunders (Lendrum, 1958). 

Saunders (loc. cit.) has emphasized that anterior 
or combined spina bifida most frequently involves 
the cervical and cervico-dorsal vertebrae and many 
affected infants are still-born with skull defects or 
anencephaly; stomodeal duplication occurs 
occasionally (Morton, 1957). As the cephalic end 
of the notochord develops first this is in accordance 
with the theory of Stockard (1921) that an organ is 
most sensitive to disturbances in development at its 
moment of inception. 


Summary 

Evidence is presented that an abnormal splitting 
of the notochord, known to occur in the developing 
embryo, can cause a wide variety of malformations. 
These may involve the viscera of the chest or 
abdomen and incorporate abnormal tissue remnants 
of enteric derivation; they include combined spina 
bifida and allied vertebral ‘malformations, together 
with associated central nervous anomalies and 
defects in the development of the skin and sub- 
cutaneous tissues of the back. 

Hitherto these malformations have been indi- 
vidually named; it is now suggested that they can 
be usefully classified together as manifestations of 
the ‘split notochord syndrome’. Their apparent 
rarity has been due to failure to appreciate the 
common basic aetiology. 

A terminology is suggested for the abnormal 
structures of enteric origin in this group. They are 
classed as developmental posterior enteric remnants, 
be they fistulae, sinuses, diverticula or cysts. l 

Five illustrative cases displaying these enteric 
remnants are described. 


Our thanks are due to Mr. Matthew White, Mr. A. P, 
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most grateful to Dr. Norma Macfarlane who prepared 
the line drawings and to Mr. J. A. L. Evatt, Mr. J. R. 
Devlin and Mr. W. B. Mason for their photography. 
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There is considerable confusion in the present 
ssification and nomenclature of accessory enteric 
mations—enterogenous cyst, archenteric cyst, 
-> gastro-thoracic cyst, duplication, etc. The purpose 
a of this paper is to present a practical classification 
~ founded on the basic embryological deviations and a 
> systematic nomenclature. Many of the anomalies 
e of some rarity and few surgeons are likely to 
wot a series of any great size. The frequency of 
diagnosis should increase with an awareness of the 
types and the use of a common terminology. 
The proposed classification is: 
Duplications 
. Vitelline remnants 
. Dorsal enteric remnants 
“All have a inti enteric structure of smooth muscle 
and epithelial lining, not necessarily that of gut, to 
which it lies adjacent or from which it originates. 
"In the third group the structure may be not of gut 
but of a gut derivative. 


Classification 
‘1. Duplications. This term should be restricted to 
these formations, either tubular or spherical, which 
jie in contiguity with normal bowel and which share 
a with it a common blood supply and usually a 
"common muscle coat. There may or may not be 
k communication between the normal and anomalous 
< lumina, and the dividing septum may be muscular 
or merely a doubie layer of epithelium. 

` ‘During early foetal life, embryo and gut grow at a 
- ~ similar rate, a rate which soon becomes inadequate 
`. for the latter if the necessary absorptive area is to be 
- provided. Accordingly, the rate of growth of the 
: gut accelerates with thickening of the epithelial 
lining and obliteration of the lumen and subsequent 
=- recanalization by the coalescence of vacuoles which 
appear within the epithelium (Johnson, 1910). 
Coalescence of an additional group of vacuoles, 
- which fail to rupture into the normal lumen, causes 
the formation of duplications, spherical or tubular, 

ae © depending on the length of bowel affected. 
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2. Vitelline Remnants. Remnants of vitello- 
intestinal origin are included in the classification 
because firstly they are accessory enteric formations, 
secondly there are aetiological similarities to dorsal. 
fistula, and thirdly there is a similarity in the two 
groups of remnants found after birth. There is little 
justification other than usage for perpetuating the 
present names of Meckel’s diverticulum, entero- 
cystoma, enteroteratoma, raspberry tumour, etc. 

Such remnants represent failure of closure of the 
vitello-intestinal duct. The mid-gut is in free com- 
munication with the definitive yolk-sac until the late 
pre-somite stage when the communication narrows 
to form the vitello-intestinal duct which in turn dis- 
appears by the end of the sixth week of foetal life. 
Incomplete obliteration gives rise to the anomalies 
shown in Fig. 1, which I suggest be called vitelline 
fistula, sinus, cyst and diverticulum. Similarly, I 
propose that an obliterated vitelline artery be called 
a vitelline cord. ss. 

3. Dorsal Fistula. nts. During the second 
half of the nineteenth century, it was shown experi- 
mentally that sagittal clefts could be produced in 
frog and pike embryos with dorsal protrusion of the 
yolk-sac (Lereboullet, 1863; Roux, 1888; Hertwig, 
1892). Bremer (1952) has suggested a similar 
occurrence during early human development with 
rupture of the yolk-sac herniation and formation of 
a fistula between yolk-sac and amniotic cavities, 
while Saunders (1943) and McLetchie, Purves and 
Saunders (1954) have postulated that a cleft noto- 
chord leads to adhesion of yolk-sac endoderm to 
ectoderm with subsequent erosion and fistula 
formation. However, during that phase of normal — 
development when the notochord becomes inter- 
calated in yolk-sac endoderm, openings appear in the 
floor of the notochord canal, thus establishing 







temporary communication between yolk-sac and 


amniotic cavities. Whatever the precise mechanism, 
it must be assumed that at some phase of pre-somite 
development such a fistula occurs. The develop- 
ment and obliteration of the vitello-intestinal duct is 
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Fig. 1.—-A, Vitelline fistula; B, vitelline diverticulum; C. viteline, cyst; D vitelline sinus; E, prolapsed vitelline sinus; 
F. yitelline cord, pe ene ae ee 
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mediate part persists. The cyst may be pre- or post- 
vertebral or intraspinal in position, and may have 
fibrous attachments to gut or spine. 

(4) Congenital dorsal enteric diverticulum when 
only the anterior part persists and connexion with 
the lumen of the gut is maintained. 


vertebral abnormality with diastematomyelia or 
diplomyelia. This aspect is discussed: more fully in 
another communication (Bentley and Smith, 1960). 


Summary 


A classification and. nomenclature. of accessory 
the less common types. 


Į wish to express: my gratitude’ to: Mr. Ww. M. Dennison k 
for advice in the preparation of this paper, to Mrs. Glover 
for secretarial assistance, to. Mr, Devlin for the 
illustrations. To 
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There may be varying degrees of concomitant — 


enteric formations is proposed which should end the vee g es : 
present confusion and facilitate the recognition, of eee 


TOTAL COLECTOMY AND 
ILEO-ANAL ANASTOMOSIS IN THE TREATMENT OF 
ULCERATIVE COLITIS IN CHILDREN* 


BY 


TYGE CL. GERTZ 


From the University Clinic of Paediatrics, Copenhagen 


Modern trends in the treatment of ulcerative colitis 
are pointing towards earlier and more radical 
surgery. lIleostomy is no longer found adequate, 
simultaneous ileostomy and subtotal. or total 
colectomy being the method preferred by most 
experienced surgeons. 

In childhood the disease is relatively rare; in a 
large series only about one-tenth of all the cases 
occurred in children (Bargen and Kennedy, 1955). 
It is, however, apt to take a more serious course. 
The mortality after medical treatment is high. Ina 
large Swedish series it was 12% (Lagercrantz, 1955). 
According to the same series, the chronic, inter- 
mittent is the most common type, comprising 79% 
of all cases. The disease results in gross delay of 
growth and maturity and because of long periods of 
hospitalization the children are unable to follow 
their normal school education. Cancer is a rare 
complication in childhood, but cases starting in 
childhood and persisting 10-20 years are more liable 
to malignancy than those starting in adulthood. 
According to Rosenquist, Ohrling, Lagercrantz and 
Edling (1959), 17 of 26 cases of cancer developed in 
ulcerative colitis were taken ill with their primary 
disease before the age of 15, and cancer may appear 
even after years of apparent cure. Consequently it 
must be of current interest to discuss the advisability 
of early and radical surgical treatment of ulcerative 
colitis in childhood also. 

At the University Clinic of Paediatrics in Copen- 
hagen we have during the last two years performed 
four colectomies for ulcerative colitis in children, 
two cases being of the chronic intermittent type and 
two of the acute, fulminating type. Our first case was 
interesting in more than one sense. 


The patient, a 13-year-old girl, developed ulcerative 
colitis at the age of 2 years. She had been hospitalized 
several times during infancy, and was treated medically 
according to the current methods until the age of 11 





* A paper read at a meeting of the British Association of Paediatric 
Surgeons held in Liverpool in June, 1959, 
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when an ileostomy was performed. This operation had 
a very good effect upon her general condition although 
the inflammatory changes persisted. One and a half 
years later a subtotal colectomy was performed. The 
colon was grossly inflamed with large ulcerations and 
pseudopolyposis and in two different areas in the 
transverse colon cancer had developed (Fig. 1). The 





Fic. 1. 


rectum was not removed. The operation was thought 
to be radical and the post-operative course was smooth. 


Two months afterwards an ileo-rectal end-to-side 
anastomosis was done. On this occasion no signs of 
recurrence of the cancer were found, but three months 


' «with modern equipment, 
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later she was readmitted acutely ill with symptoms of 
ileus. At laparotomy it was found that she had a 
diffuse peritoneal carcinosis. Of course nothing could 
be done and the child succumbed to her disease in a 
month. At autopsy it was found that a severe ulcerative 
proctitis had recurred. 


From this case we learned firstly that cancer may 
very well develop in spite of an ileostomy, showing 
the importance of a total or subtotal colectomy, 
once surgical treatment has been decided upon. 
Secondly we learned that ileo-rectal anastomosis is 
not the ideal procedure since it may be followed by 
recurrence of a haemorrhagic proctitis. 

Ileo-rectal anastomosis has been advocated for 
selected cases by several authors (Corbett, 1958; and 
Aylett,1957, in England) and has also been used in 
children (Ehrenpreis, 1959). We feel, however, that 
owing to the risk of relapse of ulcerative proctitis 
in the remaining part of the rectum and also to the 
risk of cancer, total colectomy must be the preferred 
procedure. Since a permanent ileostomy, even 
is very incapacitating, 
especially in a child or a young person, we decided 
to attempt an ileo-anal anastomosis. 

Up till now we have done this operation in two 
cases. They have both been operated on in two 
stages, the first stage being ileostomy and subtotal 
colectomy. Six months later we anastomosed the 
ileum to the anus and removed the rectum using 
the pull-through technique described by Swenson 
(1958) for Hirschsprung’s disease. We have found 
-it important to postpone the second stage at least 
six months. In the intervening period the general 
health can be re-established and the blood chemistry, 
which may be difficult to keep within normal ranges 
during the first period after ileostomy, can be 
regulated. Also in the span of six months the stools 
will become semi-solid, owing to an increasing 
absorption of liquid from the terminal ileum, and 
are thus less irritating. 

From a technical point of view the second stage 
has been easy, the only difficulty being the isolation 
of the rectum down to the anus. Because of 
inflammation it was in both cases very adherent 
to the surrounding structures. The removed rectum 
was in both cases grossly inflamed except for the 
most distal part. 


Our first patient thus treated was a 13-year-old girl. 
Her illness started at the age of 5 years and was of the 
chronic, intermittent type. The final operation, an ileo- 
anal anastomosis, was performed a year ago. She is now 
in excellent health. She has four to five bowel move- 
ments during the day, the stools being semi-solid and 
not irritating, and she is completely continent and 
undisturbed during her sleep. She now attends school 
without absence. 


Our second case was a 7-year-old boy with an acute 
fulminating ulcerative colitis. The ileo-anal anastomosis 
was performed a couple of months ago. With the 
exception of some incontinence his convalescence was 
uneventful. On discharge, which took place only 
recently, he was in excellent health with a promising 
weight curve. 

A third case, a 13-year-old boy, also suffered from the 
acute fulminating type and had a colectomy six months 
ago (Fig. 2). Hestill has his ileostomy and is in very good 





FIG, 2. 


condition. It is our intention to perform an ileo-anal 
anastomosis this autumn. 


Summary 


In children ulcerative colitis is apt to take a rather 
fulminant course. Medical treatment is tedious and 
takes a very long time. In our experience children 
will stand a radical colectomy and ileostomy very 
well and will develop in a natural way afterwards. 
It has, however, been our aim to avoid an in- 
capacitating permanent ileostomy. An ileo-anal 
anastomosis, using the same technique as in 
Swenson’s pull-through operation for Hirschsprung’s 
disease, has up till now been used in two cases and 
seems to be a promising solution. 
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SURGICAL ASPECTS OF PATENT DUCTUS ARTERIOSUS* 


A REVIEW OF 228 CASES 


BY 


B. J. BICKFORD 
From the Royal Liverpool Children’s Hospital 


Three years ago Hay and. Ward (1956) reviewed 
the results of surgery for 108 cases of patent ductus 
arteriosus treated at the Royal Liverpool Children’s 
Hospital. The object of this communication is to 
review the present position at the same hospital from 
the purely surgical point of view. A further 120 
cases have received ‘surgical | treatment up to 
December 31, 1958, making a total of 228 cases 
available for review, with a minimum follow-up 
period of five months. — 


Surgery of patent ductus atteriosus comes of age 


this year as on August 26, 1938, Gross performed 
the first ligature operation. (Gross and Hubbard, 
1939), But the literature on the surgery of patent 
ductus arteriosus is not very. large, considering that 
the abnormality is such a common one. In fact 
the contributions of Gross and Hubbard. (a 939) and 


Gross (1952) mark the only real major landmarks in 


the surgery of the condition, reporting the technique 
of simple ligation and of division respectively. In 
this second paper Gross reports the extraordinary 
number of 482 divisions of the patent ductus with 
10 deaths. Shapiro and Johnson (1947), reporting 
626 operations for patent ductus performed by 
48 surgeons, record a mortality of 4-9% and a 
recanalization figure of 8-7%. They report 172 
divisions of their own with no fatality and no 
recanalization. They state categorically that the 
operation of ligation is obsolete and should only 
be done when division is impracticable. Yet even 
now many surgeons, the present writer among them, 
have felt a natural hesitancy in substituting the 
technically more difficult procedure of division for 
the rather easy one of ligation.. 

Since Hay and Ward’s first. report, two other: large 
series of operations for patent ductus arteriosus have 
appeared in the English - ‘literature. Nicks and 
Molloy (1956). describe a series of 155 cases from 
New Zealand. with 138 operations. In all but five 











* A paper read ata meeting of the British Association of Paediatric 
Surgeons held in Liverpool in June, 1959, 


cases the surgical aeai a was double ligation 
with silk, and there were. only ‘three recurrences in 
the 80 cases which had cise fg ie details. 
The overall mortality was 2%. Mozen (1957) 
reviewed 143 cases. operated on in Dr. Claude S. 


-Beck’s clinic in Cleveland, Ohio. The overall 


only with difficulty. 
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mortality was 2:14% The surgical method used 
for closure was ligatióh and suture in 53 cases, 
division in 88 and exploration alone in two. 
one example of recanalization i is mentioned as having 
taken place in the whole series, though follow-up 
details may be incomplete. A 

The fact that division may be proved statistically 
to be safe should not be allowed to obscure the fact 
that the division of a large: blood vessel must carry 
with it an. appreciable risk from accident. Nor can 
it be said categorically at the present time that a 
suture line in such a major vessel as the aorta or the 
left pulmonary artery is free from the risk of 
development of a weakness. at some future date, 
Nevertheless the review made by Hay and Ward 
( 1956) shows that the results of the simple ligation 
operations are far from- perfect. Although there 
was only one death in 108 cases. (a case in which the 
ductus was not tied because a reversed shunt was 
found) there was in fact failure to secure closure of 
the ductus in 10 cases, while a further four showed 
evidence of recanalization during a pericd of 
observation. varying from one to 12 months. In 
addition, operation was abandoned on one occasion 
because friability of the ductus led to difficulty in 
dissection and to haemorrhage, which was controlled 
Even if the case with the reversed 
shunt is excluded, together with two of the early re- 


canalizations which appeared to close spontaneously, 
we are left with the uncomfortable fact that the object 
of the su rgical procedure was not completely success- 


ful in 13 of the 107 ‘eligible’ cases (a failure rate of 
12%). Here one must say that there was evidence 
of reduction of the shunt in all these cases. The 
‘gross’ failure rate for all cases was. 14% (16 in 108 
cases). In the ensuing discussion this series of cases 


Only” 
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will be referred to as Series 1, the newly reported 
group as Series 2 oe 









The Technical Problem 


When the causes of failure to close the ductus 
ere considered, it immediately became apparent, 
Hay and Ward pointed out, that there was a 
Se relationship | ‘between the success of the 
peration, then performed entirely by the method 
double. ligature, and the diameter of the ductus. 
53 cases in which the diameter was 7 mm. or less 
ere was not a single recanalization, whereas this 
cess. was observed in no fewer than 16 of the 55 
cases in which the ductus had a diameter of 8 mm. 
4 In fact only eight of the 20 cases in which 
a the dianeler was in excess of 10 mm. were per- 
a ‘ipaneatly’ closed by ligature (Table 1). 
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Figures i in e ts indicate number of failures 
™ Includes two Cases: of ‘small’ ductus, size not recorded 
. + Includes five cases of ‘wide’ ductus, size not recorded 


While the mag nitude of the failure rate with larger 
~ ductuses was not at once appreciated by us, it had 
for a long time been obvious that the very large 
< ductus was not technically suitable for ligation. 
. One reason for this is that the large ductus usually 
~ has a large flow through it with a raised pressure in 
the. pulmonary artery. The very large ductus, in 
< which. the diameter is greatly in excess of its length, 

e wiih its sclerotie walls, presents a formidable 
-surgical problem. __ 
<- This was at first tackled by attempting ligation by 
. _ linen thread over a small pad of gauze or lint. This 
often seemed to result-in obliteration of the lumen 
oat ‘the time of operation, but in only one instance 
Q 14 mm. ductus} was the closure permanent. Next 
~ the effect was tried of tying ligatures while the blood 
-pressure was temporarily aa aa by the ganglion- 
aie agent Arfo 
“to provide satisfactory. andi PN but the 
end results were equally disappointing. 
With this unsatisfactory situation in mind the 
methods of closing the ductus were reviewed. First 
all a Pout of anatomy was made which is not 


















always appreciated. The ductus in the unborn child 
is virtually a continuation of the pulmonary artery, 
and has an oblique entry into the aorta which is in 
most instances maintained even after the pulmonary 
circulation has been opened up by the establishment 
of breathing. When the ductus fails to close and 
the left to right shunt becomes established, the blood 
has to take a very sharp turn back into the pulmonary 
artery from the aorta (Fig. la). This no doubt 


(b) 





Fic. 1.—Evolution of patent ductus arteriosus (a) in. foetal life: ` 
(b) ino extra-uterine life, 





accounts for the benaud ER made ates. 
operation, that the thrill is usually much more — 

obvious in the main trunk of the pulmonary artery 
than in the left branch. But, in addition, there is a 
point of impact of the stream on the area of the 
aortic wall immediately adjacent to. the origin: of the 
ductus, but on the distal (caudal) side of the actual 
orifice. 
convexity of a curve, so must this stream of blood, | 

which is often nearly reversed in direction, exert — 
a continual pressure on this area. The common 
shape of the ductus is conical, with a much wider 
opening into the aorta than into the pulmonary 
artery (Fig. Ib). The aorta itself is. frequently 
appreciably wider just below the ductus than above 
it for the same reason. The ductus has often been 
described as spindle-shaped or cylindrical, but in 
the author’s experience this is only exceptionally 
the case. The short, wide, ‘high-pressure’ ductus 
may be virtually cylindrical if it can be said to 
have any length at all, but the average ductus only 
assumes a spindle shape if traction on it pulls out 
some of the wall of the pulmonary artery. Firm 
pressure just in the angle between the aorta and 
ductus will restore the apparent cylindricity of the 





Much as a river erodes its banks on the | 
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vessel, and indeed a ligature may be tied’ here 
without much difficulty. Such a ligature tends, 
however, to be obliquely placed and is as insecure as 
if an attempt were made to close a hole in the side 
of the aorta by ligation (Fig. 2). It is naturally 


Incorrect 


SJ 


Y Correct 








Oblique ligatures 
slip off large 
va 


Fig. 2.—-Correct and incorrect ligatures. 





pushed towards the narrowest part of the ductus 
and then will not fully occlude the lumen of the 
vessel. The truly effective position for an occluding 
ligature is at the narrowest point of the ductus, and 
perhaps a single ligature properly placed there will 
suffice to obliterate the vessel. Many surgeons 
recommend multiple ligatures on the ductus; yet 
if further ligatures are to be tied after the ductus has 
been ligated at each en s a real danger of 
causing a rupture of th us, , with catastrophic 









ing p ‘ductus. in a ‘middle and tying ena 
ligature c over it, Y 





Ai end. to come under. excessive 









the PrN near rie aote Tad ad then to oe the 
lumen ae a teeta te transfixion suture of ae 





‘It ae probably imp 
material but there- 
among surgeons. 





1 is ber for the purpose. 
We had forme ther fine (No. 35 or 40) 
linen thread but latterly changed to the- stronger 
No. 25 thread and feel that this is more satisfactory. 
Linen thread is stronger than silk and holds a knot 
very securely: it seems- likely’ that a very thick 
strong ligature, e.g. the “umbilical tape’ of American 


Such an. encircling suture at the 


authors, will give a less Suey closure than a 
medium sized. thread. 
Finally, division of the ductus has been undertaken 


in cases when it is large or unusually thick-walled. 


The method we favour is one learned from Prefessor 


Second ligature not yet tied 





Aorta 


Fic. 3.—-Ligatures and transfixion suture of patent ductus arieriosus. 


A. G. Brom of Leiden, in which Potts’ aortic clamps 
are applied from the. lateral aspect of the ductus, 
which gives more room than if they are place@Nin 
the long axis of the descending aorta. The. vessel” 
may be progressively divided and sutured, usually 
without undue difficulty. | Clamps similar to Potts’ 

aortic clamps but bent at a right-angle (designed by 





Miss I. Forshall for neonatal oesophageal surgery)* 


are very satisfactory when applied to a patent ductus 
and provide more room for manipulation. The 
first row of interrupted sutures is covered by a 
continuous suture on each vessel. It is important 
if the ductus is wide and short to dissect out and 
mobilize the aorta above and below the ductus as 
if for resection of a coarctation. If the ductus is 
very large it is wise also to open. the pericardium in 
front of the vagus nerve in order to have the left 
pulmonary artery under direct observation and 
control in the event of difficulty. 





Review of Surgical Material 


In Hay and Ward’s original series. (1956) there — 
were 108 cases and a further 120 are reported. here, 
making a total of 228 cases of patent ductus arteriosus 
dealt with surgically. There were two deaths in the 


* Manulactired by Messrs. Charles F. Thackeray & Rone Lid. 
of Leeds, 
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| whole series, one being the case reported in the first 


_- Series, 
‘present at operation (left to right shunt at previous 


where a reversed shunt was found to be 


_ catheterization) amd the ductus was not tied. The 
:< second death occurred in the second series and was 


















4 in a 13-year-old boy with a ductus 14 mm. 


in 
diameter and with considerable pulmonary hyper- 
nsion. Division was successfully accomplished 
but- convalescence was marked by a persistent 
stemic hypertension, the significance of which was 
not properly appreciated. He was readmitted 12 
weeks after operation and died of uncontrollable 


me haemor rhage curing attempted surgical cure of an 
aneurysm at the site of resection. 
“that there was a coarctation of the aorta which had 


Autopsy showed 


been outwardly marked. only by a slight curvature 


© of the vessel. . ; 
“operation but had not been thought to indicate any 
. Significant narrowing of the lumen. 


This had been noted at the original 


row If the true 
situation had been understood it might have been 


< possible to resect the coarctation at the original 


exceptionally thin. walls. 


Bperation, but because the collateral circulation was 
undeveloped this may well have proved hazardous. 
Other deaths have occurred after ligation of a 


patent ductus but only when the ductus was one of 


a group of complicated cardiac abnormalities. Only 


cases in which the patent ductus was the dominant 


lesion are included in the present series. 
‘Table 1 gives the composition of the two series 
grouped according to the size of the ductus and also 


_in@f€ates the failure rate in each group. All cases 


in which the diameter of the ductus was 7 mm. or less 
were treated by ligation with or without transfixion 
suture. In our second series of 120 cases there 
were 69 in this group and the only failure was in an 
infant with a ductus 6-5 mm. in diameter and with 
Recanalization followed 
this operation and it may be that the sutures slowly 
cut through the thin vessel walls. Of 51 cases with 


_a-diameter of 8 mm. or more there were four 


recanalizations and three further cases have mur- 


i murs which are suggestive, though not diagnostic, 


of recanalization. The cases with definite recanaliza- 


tion had ductuses with original diameters of 9 mm. 
(two cases), 14 mm. and 15 mm.; those in which 


recanalization was suspected had diameters of 


8 mm., 9 mm. and I| mm. Although recanalization 
represents failure to achieve the aim of the opera- 


tion, in all cases the condition of the patient had 


improved and the ‘shunt appeared- to be much 


smaller than before operation. 


Method of Closure 


In the first series the only method of closure 


-employed was double ligature. 





Table 2 shows the 
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TABLE 2 


OPERATIVE PROCEDURES FOR PATENT DUCTUS 
ARTERIOSUS, 1954-58 (SERIES 2) 





Operation | Cases (No.) Recanalization 
Simple ligature oal 70 , 5 {4+3 
Ligature and transfixion , | 
suture Pe ; ef 40 0 
Division wr hy <d 10 | 0 
Total 120 | 5 (+37) 
H 





methods of closure adopted in Series 2. Simple 
ligature was employed 70 times with five certain and 
three doubtful recanalizations, ligature and trans- 
fixion suture in 40 cases with no recanalization, and 
division in 10 cases with no recanalization. 

Taking the series of 228 cases as a whole it is clear 
that the risk of recanalization after simple ligation 
is very small indeed if the ductus is 7 mm. in diameter 
or Jess. There was only one example in 12 
of this size treated in this way. 

One hundred and six cases had a patent t 
8 mm. in diameter or larger, and the situation with 
regard to these is shown in Table 3. It will be seen 






TABLE 3 
PATENT DUCTUS ARTERIOSUS OVER 8 MM. IN DIAMETER 
Ke 'OMBINED SERIES) 


E E Sorts 












Operation 


ARRE AE EAEN IIE ANEI EIEE EAEOI RT E 


Ligature and ; 
transfixion suture | 


Division .. | 8-10 3 
Overl 6&6 
Operation abandoned 8~10 : os 
| Over 10 2 
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that 18 of these cases were not Peaid closed 
after operation, a failure rate of- 16%. All ne 
failures were in cases treated by sir 
before mentioned, the failure rate. was es 
high when the ductus was more than 10 mm. i S 
diameter. Fewer than one in three of these cases na 
(eight out of 22) could be closed by ligation, and 
recanalization followed in four others. Thus, simple 
ligation gave permanent closure in less than half of 
this group of 22 children with < e ductus treated 
by this method. In the intermediate size of 8 to 
10 mm. six out of 66 cases (9°%) were not per- 
manently closed. 

By contrast there were no failures and no 
recanalizations in 11 cases treated by ligation and 















... transfixion alone. The numbers are small and may 






‘not be really significant but they suggest that this 
technique may possibly give better results. 

Nine cases in this group. of. large. patent ductus 
were treated by division with a successful outcome 
in all except the one death from: a hidden coarctation 
recorded above. a 

In our last 91. cases there have Beet no certain 
- recanalizations, although — the - three doubtful 
examples are to be included among these, Of these 
91 cases, 41 were ligated simply, 40 had an additional 
transfixion suture as described and 10 were divided. 
For what it is worth the 
were all in the group of simple ligations. 












“Conclusion D 


complete or not per manent, 
after simple ligation. 


oubtful recanalizations E 
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In 122 cases the ductus was 7 mm. or ess: in 
diameter; all were ligated with cor without 
transfixion suture and there = “was only one 
recanalization. 

In 106 cases the ductus: was 8 mm. or more in 
diameter. In 18 (16% ») cases closure was either not 
All failures occurred 


Simple ligation, preferably ‘with a multiple 


transfixion suture, gives. satisfactory. closure of the 
small patent ductus (7 mm. or: ss in diameter). 
_Where the pe ductus is. ee mm. _or more in 





Simple ligation is a safe and easy mbot of | a i 


obliteration of the patent ductus when the diameter - -the 
It may be even more secure eifa y 


is. T: mm. or less. 
sfixion suture is employed in additio 





8 mm. it seems clear that division should be. the r 
method of choice. Our sect nd: series: of cases covers Sa 
a transition period in our surgical policy but the — 
failure rate of 4% (five in 120 cases). compares = 
figure of 14% (16 in artist, of the Department of- Surges 
‘Liverpool, who made the Giang 







favourably with the previi 
108 cases). 
is probably dependent. 
division of ae reo 
mortality was 0 o (t 


‘ductus. 
in 228 cases). 


Two. hundred ‘ind ‘twenty-eight o cases of. patent . 


ductus arteriosus treated. surgically are. reviewed. 











Further reduction of the failure rate 
yn more extensive use of — 
‘The overall. - 


Gross, R.. EB. (1952). 
emma and Hubbard, J. n ae 9). 
~ Hay, 
Bay, L De E. (1957). * Aimer. J: ‘Surg. 93, 361. 
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VESICO-INTESTINAL FISSURE* 


< The great advances in paediatric surgery during 
“the last two decades have brought about a change 





-‘of-attitude towards infants and children suffering 


from severe congenital malformations. 
„number of these anomalies can now be satisfactorily 





A large 


and following the operation the child will 


f be normal or nearly normal. 


There are, however, still aalormaton. or mal- 
formation complexes which are thought to be either 
uatreatable or unjustifiable to treat as the child will 
remain more or less handicapped even after the most 


successful operation. These are mainly malforma- 


tions of the central nervous or genito-urinary 
systems. It is my belief that in the next decade 
paediatric surgery will have to come to grips with 
these problems. We shall have to re-examine the 


“contention that these children will never make useful 


members of society and are better left to die. We 
shakhave to realize that with modern methods in 
physical education and rehabilitation much more 
can be done. This has been shown, for instance, 
in the management of spastic children. We shall 


‘also have to admit that with antibiotics and modern 


nursing care many of these children do not die or 
only die after a long time, a prolonged agony for 
them and their fanailies alike. 

I am prompted to this introduction because the 


- condition which I am about to discuss is either not 
mentioned at all in the textbooks of paediatric 


surgery or urclogy or, 
dismissed as aintreatable. 


if briefly described, it is 
There have been a few 


| references in the literature to attempts at operation 
but as far as I can ascertain they have all ended in 


failure (Swan and Christensen, 1953). This prompts 
me to cescribe our experience in the treatment of 
this condition. 


Definition and Description 


The name vesico-intestinal fissure was introduced 
by Schwalbe in 1909, but the malformation has been 
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* A paper read at a meeting of the British Paediatric Association 


_ held in Liverpool in June, 1959. 





BY 


97 


P. P. RICKHAM 
From the Alder Hey Childrens Hospital, Liverpool 


given a number of different names, such as ectopia 
vesicae with Meckel’s diverticulum opening on. the 
exposed bladder surface, extrophy of the bladde T. 
and colon, ectopic cloaca, etc. (Keith, 1908: a 
Campbell, 1951; Williams, 1957). 

In this condition there is an ectopia vesicae, which 
is often split into two lateral fields by an intervening 
zone of ectopic intestinal mucosa. If two kidneys 
are present, each ureter opens into the corresponding 
bladder field, but frequently one kidney is absent 
and malformation and displacement of the kidney 
is common. The intestinal mucosa belongs to the 
ectopic caecum. The opening of the appendix is 
often visible and the lower ileum tends to prolapse 
through the ileo-caecal valve forming a striking, 
bright red, sausage-shaped tumour. The colon is 
rudimentary and usually ends in front of the sacrum; 
the anus and rectum are always absent (Fig. 1). 
Duplication of some part of the lower intestine, such 
as the appendix or colon, is not infrequent. There 
is always an exomphalos situated above the ectopic 
intestinal field and a small myelo-meningocoele or 
meningocoele is frequently present; in one of our 
cases it only developed two months after birth. 

The penis or clitoris is usually, although not 
invariably, split and the two halves widely separated. 
In one of our cases we were able to demonstrate, 
with the aid of serial sections of the autopsy 
specimen, that there were two complete penes each 
with a completely formed urethra, corpora cavernosa 
and spongiosa and prostate gland (Fig. 2). 





Incidence 


We saw our first case of vesico-intestinal fissure 
in 1953 and then considered it to be a great rarity. 
There are, however, a very large number of reports 
of this malformation in the literature since Meckel 
described the first case in 1812. In the last six years 
we have seen four cases as compared to 22 cases of 
ectopia vesicae and it appears quite possible that 
the condition is more common than is usually 
realized as many of the apparently hopeless children 
may not reach surgical centres. 
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Fic. 1.—Perineal view. 


The two penes are clearly shown. There is 


no anus. 


Embryology 


Vesico-intestinal fissure has been of great interest 
to embryologists because the malformation throws 
some light on the embryology of the cloaca, the 
lower abdominal wall and the causation of ectopia 
vesicae. In this context it is impossible to give a 
detailed description of the various opposing views 
regarding the embryological aetiology of the con- 
dition which we discussed in a previous article (Hall, 
McCandless and Rickham, 1953). It suffices to 
state that the hypothesis recently brought forward 
by Patten and Barry (1952), and especially their 
resurrection of Keibel’s (1896) view that the genital 
tubercles are primarily paired structures, has done 
much to explain most important features of this 
intriguing malformation (Fig. 3). 

In the very early embryo the paired genital 
tubercles develop near the cephalic border of the 
cloacal membrane towards the end of the second 
week of intra-uterine life. They migrate towards 
each other and by the fifth week they fuse in the 
midline, reinforcing the cephalic border of the 
cloacal membrane (Fig. 3 (A4, Ay, Ag)). It is thought 
that in ectopia vesicae the genital tubercles develop 
somewhat caudally to their normal position, 
approximately opposite the point where the uro- 
rectal fold comes to the surface. If they now fuse 
in the midline the genital orifice will be cephalic 
and the anal orifice caudal to them (Fig. 3 (B,, Bə, 
B;)). We developed this theory a stage further and 
assumed that if the paired genital tubercles develop 
still more caudally than with ectopia vesicae, they 
can now only fuse in the midline caudal to the 
cloacal membrane. There would then be a deficiency 
of secondary mesoderm over the whole of the 


-Corpus spongiosum 
and urethra 






"~~~ Corpora cavernosa 


~ 


~~Prostate 


aa Levator ani 
`- Pubis 


Fic. 2.—Schematic drawing of dissection of case shown TE A 


hypogastric area and the extensive cloacal membrane 
would break down. If the membrane ruptured 
immediately after the formation of the tailfold, it 
would expose the dorsal and lateral walls of the 
hindgut. As Johnston (1913) has pointed out, the 
whole of the gut distal to Meckel’s diverticulum is 
derived from the hindgut. It will be seen that the 
above hypothesis explains the intestinal ectrophy 
and the frequent association with widely separated 
split penis or clitoris (Fig. 3 (C1, C2, C3)). 


Treatment $ 


Some details of the treatment of our four cases 
may be of interest because these show all the pitfalls, 
in the treating of this condition and also how we 
were able to learn from our mistakes. 


Case 1. The first case, a boy weighing 5 lb., was 
admitted moribund and any active treatment was out of 
the question. He died on the third day. A careful 
post-mortem dissection enabled us to form a detailed 
picture of the pathological anatomy of the condition. 


Case 2. One year later we saw a second almost 
identical case when a few hours old. This infant was 
grossly premature, weighing 34 lb. At operation the 
extrophied intestinal field was excised and on entering 
the abdomen it was found that the whole of the distal 
colon was duplicated (Fig. 4). This too was excised 
and the lower end of the ileum was pulled through to the 
perineum (Fig. 5). The two ectopic bladder fields were 
then united in the midline, the small exomphalos was 
repaired and the abdomen closed (Fig. 6). The infant 
stood the operation well, but it soon became apparent 
that the remaining length of the intestine was insufficient 
for adequate food absorption. In spite of numerous 
blood transfusions, plasma, protein hydrolysate and 
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Fic. 3,—Diagrammatic representation of the development of the infra-umbilical abdominal wall in the normal foetus (A), and ectopia 


vesicae (B). 


sugar infusions, feeding by intragastric drip of high 
calorie, nigh protein concentrates, etc., the infant did 
not gair weight, continuously passed numerous fluid 
undigested stools and finally died two months after 
operation. Since then an identical case, that of Koop 
(1957), Fas come to our notice. This child also failed 
to thrive because of lack of absorption of sufficient 
nutrimert. As these infants were only deprived of their 
colon and lowest ileum it is somewhat difficult to explain 
why they did not absorb sufficient food unless their gross 
prematurity had something to do with this deficiency. 


Case =. The third infant with vesico-intestinal fissure, 
another premature boy weighing 44 lb., was admitted 
six months later (Fig. 7). Bearing in mind our unfortu- 
nate previous experience, we carefully preserved the 
ectopic mtestinal field with its blood supply and closed 
the everted caecum and ascending colon. The distal 
colon, ending blindly in front of the sacral promontory, 


The development of vesico-intestinal fissure can be explained on the same basis (C). 


was freed and drawn down to the perineum. The two 
bladder fields were then closed in the midline as before. 
The exomphalos in this case was, however, a very large 
one and having already taken up most of the slack of the 
abdominal wall by suturing the bladder fields together, 
it now became absolutely impossible to cover with skin 
the abdominal defect produced by excision of the 
exomphalos. After several unsuccessful attempts at 
closure had been made, a piece of sterile nylon sheath 
was sutured to the mobilized abdominal skin across the 
defect. To our great surprise the child stood the 
operation quite well and when the nylon sheath finally 
separated two weeks after operation, there was granula- 
tion tissue underneath it, retaining the intestine inside 
the abdominal cavity (Fig. 8). Unlike Case 2, this 
infant thrived, the number of stools was not too excessive 
and he gained weight satisfactorily. The area of granula- 
tion tissue was covered by split skin grafts, and when 
3 months old the child had doubled his birth weight. 
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Fic. 5 FIG. 6 


Fic. 4.—Excised specimen from Case 2. The duplicated ascending 
colon, hepatic flexure and rudimentary double transverse colon are 
shown. 

Fic. 5.—Case 2. The terminal ileum has been pulled through a hole 
made in the perineum. 

Fic. 6.—Case 2. At end of operation. 





Fic. 7.—Case 3. Note large exomphalos. Fic. 8.—Case 3. After separation of nylon sheath. 
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Fic. 9.—Case 4. FıG.. 10. Case 4, aged 1 year. Note incisional hernia. 





Fic. 11.—Case 4, aged 20 months, wearing urinary bag. 
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He then developed acute mechanical intestinal obstruc- 
tion and, as conservative treatment was of no avail, his 
abdomen was opened. As was to be expected, the 
whole of the small intestine was glued together and 
closely adherent to the anterior abdominal wall. Only 
with the greatest difficulties was it possible to relieve the 
obstruction by dividing numerous adhesions. Although 
the child recovered from the operation, he had two 
further attacks of acute intestinal obstruction during the 
next three weeks, each of them necessitating a laparo- 
tomy. He finally died following the third laparotomy. 


Case 4. We were somewhat disheartened by this 
experience and when a fourth case presented 18 months 
ago we devised a new plan of attack. Instead of opening 
the abdomen by incising the amnion covering the 
exomphalos, we now decided not to touch the exom- 
phalos at all, but to enter the abdomen through the 
opening made by dissection of the intestinal field. We 
then wanted to proceed as in Case 3, repairing the 
caecum and pulling the terminal colon down to the 
perineum, and to close the abdomen by uniting the two 
ectopic bladder fields. If we found that there was 
sufficient abdominal wall and skin we would repair the 
exomphalos; if not, we would treat the exomphalos 
conservatively, employing Grob’s (1957) method. 

This child, a boy weighing 54 Ib., born on August 17, 
1957, had a medium-sized exomphalos: a split penis and 
a small sacral myelo-meningocoele (Fig. 9). His legs 
moved well, both testicles were undescended. At 
laparotomy on August 18, he presented a picture 
identical with that of Case 3 with the exception that he 
had only one kidney, which was situated in the pelvis 
and had a very short ureter running to the left half of the 
ectopic bladder. After the bladder fields had been 
united it was found that there was enough slack in the 
abdominal wall to allow a complete repair of the 
exomphalos. The child stood the operation well. The 
post-operative period was complicated by an attack of 
mechanical obstruction when the child was 2} months 
old. At laparotomy several adhesions had to be divided. 
The child made an uninterrupted recovery, gained weight 
slowly but steadily and started to stand up when 14 
months old. He had a large incisional hernia (Fig. 10). 
There was no faecal continence, his perineal colostomy 
acting twice a day. 

On February 20, 1959, it was decided to cut the left 
ureter off the ectopic bladder and, if possible, to perform 
a cutaneous ureterostomy in the left iliac fossa. At 
operation it was found that the length of the ureter 
was only about 1} in. An end-to-end anastomosis 
between the ureter and a segment of isolated left ileum 
was therefore performed. In order to do this and to 
use as short an isoperistaltic piece of ileum as possible, 
it was necessary to rotate the ileal segment and mesentery 
through 180°, and to bring the loop out in the left iliac 
fossa. The dissection was made rather difficult by the 
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numerous intra-peritoneal adhesions, but it was possible 
to rotate the loop without interference to its blood supply 
and to bring a 34-in. long segment of ileam out in the 
left iliac fossa. Although the kidney is now draining 
urine practically straight upwards, there has been no 
stasis, and no hydronephrosis has developed. There is 
hardly any residual urine in the isolated ileal loop, 
possibly because of the vigorous peristalsis of the 
segment of intestine. 

On April 23, 1959, the two ectopic bladder fields were 
excised and, after mobilization of the skin, # was possible 
to suture the wound under some tension. Most of the 
wound healed by first intention, but a small area in the 
centre sloughed. At the same time the two corpora 
cavernosa were divided from the widely separated pubic 
bones and the two penile halves were without difficuity 
brought together in the midline. No attempt was made 
to unite these two halves, but the posterior urethra and 
a small part of the vesical trigone were repaired. 

The boy is now 22 months old and very weil. 
walks well, talks and appears of norma! insek 
He wears the infant’s ileostomy urinary bag previously "s 
described (Rickham, 1956, 1958), and can be kept dry 
for two days at a stretch (Fig. 1D. He is incontifent*of 
faeces, but, in our experience, faecal incontinence is not 
a very great problem when the child geis older, and 
with the aid of a suitable diet, enemata and training it 
should be possible to keep him clean, He has intelligent 
parents and, with luck, his progress should be satis- 
factory. 


He- 





In conclusion it should be said that vesico- 
intestinal fissure, the most severe malformation of 
the lower urinary tract, is perhaps not as rare as 
previously supposed. After trial and error and 
committing (in retrospect) several stupid mistakes, 
we believe that the treatment outlined above may | 
prove successful in the majority of cases and that 
the end result may well produce a useful member of 
the community. 


Miss Isabella Forshall operated on Case 2 and kindly 
permitted rts inclusion in this paper. 


REFERENCES 


Campbell, M. (1931). Clinical Pediatric Urology. 
deli phia and London. 
Grob, M. 11957). Lehrbuch der Kinderchirurgie, 


saunders, Phila- 


Thieme, Stuttgart. 


Hall, E. G., McCandless, A. E. and Rickham, P. P. (1953). Brit. J. 
Urol., 25, 219. 

Johnston, T B. (1913). J. Anat, Entwick., 55, 201. 

Keibel, F. (1896). Arch. Anat, Entwick., 55, 201, 

Keith, 2 As Brit. med. J., i, 1857. 

Koop, € E. (1957). Personal communication. 

Meckel, J. F. ere der pathologisc hen Anatomie. Reclam, 
Leipzig. (Vol. i812: Vol. 2, 1816.3 


Patten, B. M. and be (1952). 

Rickham, P. P, (1956). Brit. J. Urol., 28, 394. 

(1958). Brit. J. plast. Surg., 10. 300 

Schwalbe, E.(1909}. Die Morphologie der Missbildungen des Menschen 
und der Tiere. Fischer, Jena. 

Swan, H. aus Christensen, S, P, (1953). Pediatrics, 12, 645. 

Williams, D ~ 1 (987). Urology in Childhood. Springer, Berlin. 


LE MESURIER’S OPERATION FOR HARE LIP* 





BY 


A. OBERNIEDERMAYR 


From the Children’s Hospital of the University of Munich 







<This is a report on hare lip operations performed 
by the method of le Mesurier (1949). Since 1955 we 
ave done 238 operations on hare lips in the 
hildren’s Hospital in Munich. In 98 cases there 
were unilateral complete hare lips, in 27 cases 
~~ bilateral complete hare lips. I shall discuss only the 
-"-pijpaas plastics and not the corrections which are 
often necessary, and I shall not mention the problem 
ofcleft palate in spite of its connexions with hare lip. 

We began in 1957 to operate on total palatoschisis 
‘In two stages. In the first operation at the end of the 

sécond year we close the soft palate, and the residual 
~-gleft is closed before the child starts to go to school. 
In the meantime we try to diminish the extent 
of the residual cleft by using a so-called stimulation 

plate, a method which is described by Schweckendiek 
(1955), McNeil (1956), and Derichsweiler (1958), but 

pür experience with the stimulation plate is as yet 
Or icon: to form any judgment. 

In total unilateral hare lip we have to span the 

fissure not only in the frontal but also in the sagittal 

. plane. There is no difficulty in closing the gap in the 
frontal plane, even if it is a very large one, but it is 
sometimes difficult to close the gap in the sagittal 
plane. As the two edges of the cleft are in different 
planes there results an oblique position of the nostril 
and the columella and a flattening of the wing of the 
nose at the side of the gap. 

There are two problems in hare lip operations, the 
lip and the nostril. I think we should try at the first 
operation to undertake the corrections as far as 
possible, but the plastics of the nostril must not 
complicate and prolong the operation too long. I 
therefore postpone the plastics of the tip of the nose 
and the columella until later, if such correction is 
necessary at all. It is known that the likelihood of 
spontaneous correction is much greater in early 
childhood than later on. 

Fig. 1 shows the original method of le Mesurier. 
At the outermost left side of the picture the final 
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* A paper read at a meeting of the British Association of Paediatric 
Surgeons held in Liverpool in June, 1959. 
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point of the medial incision and the centre of the 
upper lip do not coincide, but lie a few millimetres 
nearer to the cleft. The cause for this asymmetry 
following le Mesurier’s operation is the difference in 
height of the lip on the normal side and the abnormal 
side. This causes a slight displacement of Cupid's 
bow towards the side of the cleft except in those rare 
cases where Cupid’s bow is situated on the medial 
side of the gap. 

Fig. 2 shows the incisions in total hare lip. The 
plastics of the base of the nose we do by the method 
of Axhausen (1936), using the mobilized flaps of the 
mucous membrane. We make a transverse incision 
at the base of the inferior nasal concha to put the 
lateral part of the cleft forward in the sagittal plane 
(Fig. 3). The starting points of the incisions we 
place a little in front of the nostril to have as much 
material as possible for the base of the nose. To 
ensure that the vertex of Cupid’s bow is in the middle 
of the lip, the foot point of the medial incision is 
placed in the calculated middle of the demarcation 
line of the red border, even if the length of this medial 
incision is longer than normal, i.e. more than 8 mm. 
If a good cosmetic result is risked by this procedure 
we can do a longitudinal correction by excision of a 
triangle. On the lateral part of the cleft the length of 
the incision is 8 mm. It is very important that the 
incisions which form the later flap are exactly half as 
long as this longitudinal incision and exactly as long 
as the cross section on the longitudinal medial 
incision. The angle between the longitudinal and 
transverse incisions should be 90°. If a longitudinal 
correction on the lateral side of the cleft is necessary, 
this can be done by taking off a wedge at the insertion 
of the nose wing. With regard to the plastics of the 
wing of the nose, we do not undertake a dissection 
of both layers (mucous membrane and skin). If a 
dissection of the cartilages is necessary for a correc- 
tion of the tip of the nose, for instance, it is very 
difficult if there has been any lesion of the cartilage 
in early childhood. The first correction of the 
sinking in of the side of the nose we do by a Z-plastic. 
Figs. 4 and 5 show the result of operation. 
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Fic. 1,—Original in Chirurgische Operationslehre B. Breitner, Printed in Austria, Copyright by Urban 


and Schwarzenberg-Wien. 


In operations for total bilateral cheilognatho- 
uranoschisis, the greatest problem is the prominence 
of the premaxilla. Browne (1932) has pointed 
out that we must put the premaxilla in the alveolar 
curve and must not try to put the lateral parts of the 
cleft forward. Matthews (1955) was also of this 
opinion. We agree with Matthews that the retro- 
positioning of the premaxilla should be done as a 





FIG. 2. 


single operation, but not in the same session as the 
plastics of the lip. In many cases the gap between 
the two alveolar processes is smaller than the 
premaxilla. Therefore we first have to make an 
extension of the gap. This is done by means of a 
plastic plate with a screw (Fig. 6); it is quite easy to 
put the premaxilla in the alveolar curve after the 


Vol. I, Fig. 4 d-e, p. 11. 


dilatation (Figs. 7 and 8). Within a very short time 
the gap is wide enough to start resection of the 
prevomeric bone, as described by Brownell 
(1932). It is very necessary to prevent re- * 
maxilla from tilting inside; we prefer the teeth 
stand out a little. For fixation of the premaxilla we 
use fragments of bone placed at both sides of the 
premaxilla in the alveolar curve and fix it with small 


Fic. 3.—From Chirurgische Operationsiehre B. Breitner, Vol. I. 
p. 22. 


flaps of mucous membrane (Fig. 9). We use the 
bone obtained in the resection of the premaxilla, 
divided into two pieces. We perforate the pre- 
maxilla and fix it with a piece of Kirschner wire in 
the sagittal direction; then we mobilize the mucous 
membrane of the alveolar process and the pre- 
maxilla, put the fragments of bone in small fissures 





ms -© Fig, 4.—Unilateral total hare lip before operation. Fic. 5.—Unilateral total hare lip (same case as 
shown in Fig. 4) after operation. 





f Fic. 6.—Extension of alveolar gap with plastic plate. Fic. 7.—Gap between two alveolar processes is 
wide enough; pre-maxilla is reduced. 





Fic. 8 —Plaster casts before and after repositioning of premaxilla. 
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Fic. 9.—Diagram showing effect of resection of prevomeric bone; 
premaxilla is fixed with a piece of Kirschner wire and with fragments 
of bone. 
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Fic. 10.—Operation for bilateral total hare lip by Denis Browne 
(Ann. Royal Coll. Surg. Engiand, Vol. 5, Sept. #949). 





Fic. 11.—Le Mesurier’s method at operation for bilateral total hare lip. 


LE MESURIER’S OPERATION FOR HARE LIP 


(a) (b) 


Fic. 13.—Same case as shown in Fig. 12: (a) and (b) after reposition; (c) after operation. 


and make a suture in the mucous membrane. In 
this way, in the majority of cases it is possible to 
place the premaxilla in the alveolar curve. 

The closure of the hare lip we try to do in one 
session (Figs. 10 and 11). We use the method of 
Browne if we have a sufficient amount of 
material, but if we have only a small middle segment 
we try separation of the lateral parts of the cleft by 
the method of le Mesurier. 

Figs. 12 and 13 show the result of the operation on 
a case of bilateral hare lip at the Children’s Hospital, 
Munich. 
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(c) 


REFERENCES 
Axhausen, G. (1936). Technik und Ergebnisse der Gaumenplastik, 
Thieme, Leipzig. 


Browne, Denis (1932). The operation for cleft palate. Brit. J. Surg., 


Derichsweiler, Hans (1958). Some observations on the early treat- 
ment of hare lip and cleft palate cases. Trans. European 
Orthodont. Soc. 

Le Mesurier, A. B. (1949). A method of cutting and suturing the lip 
in the — of complete unilateral clefts. Plast. reconstr. 
Surg., 4, 1. 

mie * ia (1956). Congenital oral deformities. Brit. dent. J., 

z Sd: 

Matthews, D. N. (1955). Der Zwischenkiefer in Fallen von bilateralen 
Lippen- und Gaumenspalten. Fortschritte der Kiefer- und 
Gesichts-Chirurgie, ed. K. Schuchardt and M. Wassmund. 
vol. I, p. 40. Thieme, Stuttgart. 

Schweckendiek, Hermann (1955). Zur zweiphasigen Gaumen- 
spaltenoperation bei primärem Velumverschluss. J/bid., vol. I, 
p. 73. Thieme, Stuttgart. 


CLINICAL MANIFESTATIONS OF PRIMARY 
HYPEROXALURIA® 


E. G. HALL, E. F. SCOWEN and R. W. E. WATTS 
From the Alder Hey Children’s Hospital, Liverpool, and the Medical Unit, St. Bartholomew’ s Hospital, London, E.CA 


Primary hyperoxaluria is characterized during life 
by a continuous urinary oxalate excretion level of 
about 100-400 mg. (expressed as (COOH)».2H2O) 
per 24 hours as opposed to the normal value of less 
than 45 mg. per 24 hours. Patients with this disease 
usually present in early childhood with multiple 
bilateral renal or ureteric calculi which increase 
rapidly in size and are composed wholly or pre- 
dominantly of calcium oxalate. Nephrocalcinosis, 
recurrent attacks of pyelonephritis and hypertensive 
damage destroy the renal parenchyma and the 
patients usually die from renal failure later in child- 
hood. Descriptions of cases in which the diagnosis 
was confirmed chemically during life and which con- 
formed to this clinical picture have been published 
by Newns and Black (1953), Aponte and Fetter (1954), 
Archer, Dormer, Scowen and Watts (1957), Godwin, 
Fowler, Dempsey and Henneman (1958) and 
Hodgkinson (1958). The characteristic post-mortem 
findings are widespread destruction of the renal 
parenchyma by aggregates of calcium oxalate 
crystals, and similar deposits in the tunicae mediae 
of the small muscular arteries and arterioles, the 
myocardium, and the testis (especially the rete testis) 
in association with the bone trabeculae and at the 
growing ends of the long bones (Scowen, Stansfeld 
and Watts, 1959). The term oxalosis (Dunn, 1955) 
conveniently describes this condition of disseminated 
extra-renal calcium oxalate deposits. 

Mulloy and Knutti (1951), Neiman, Rauber, 
Pierson and Gentin (1957) and Katzuni and Sand- 
bank (1959) reported cases of infants who died 
apparently from renal failure at the age of a few 
months and in whom the findings of calcium oxalate 
nephrocalcinosis without stones, and of oxalosis also 
in Katzuni and Sandbank’s (1959) case, suggest that 
they may have been cases of primary hyperoxaluria 
in which the disease followed an unusually fulmina- 
ting course. Zollinger and Rosenmund (1952), Lund 
and Reske-Nielsen (1956) and Oigaard and Söder- 
hjelm (1957) describe the post-mortem win in 


SpA hppa yy Aiai Alby Abd i DAA BAAS! AAAA AAAS: San AENEA E SAA vrs he E Rennie © ORNA vein Hie vel aa a aaa Ee 


* This article includes material given in a paper to the 6th Annual! 
Meeting of the British Association of Paediatric Surgeons in June, 
1959, by one of us CE.G.H.). 
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cases which may have been examples of primary 
hyperoxaluria in which stone formation began at an 
unusually late age. The urinary oxalate excretion was 
not measured in any of these cases. 

The purpose of the present. paper is to describe in 
detail the clinical features of a group of eight cases 
of primary hyperoxaluria arising in three fanfilies, 
and to comment on some aspects of the patural - 
history of the disease. The results of an investigations 
of the genetic aspects of the disease, which was based 
on these and two other families, have been publishea 
elsewhere (Scowen, Watts and Hall, 1959) and the 
families have been numbered serially from four 
onwards in order to facilitate cross reference to that 
paper. Three previous families (numbers 1-3) had 
been investigated and the results recorded (Archer, 
Dormer, Scowen and Watts, 1958) before the present 
cases, which provided proof of some of our earlier 
hypotheses, became available for study. 


Case Reports 


Family 4. In this family there were 12 children, one 
dying in infancy of unknown cause. The parents are not 
related, and they, the unaffected children and other 
relatives have normal urinary oxalate excretions, 

Case 1. A boy, the second child, was admitted to 
hospital at the age of 104 years because of right-sided 
intermittent abdominal pain, vomiting and haematuria of 
one day’s duration. He had had a similar episode a few 
months previously, which had resolved without treat- 
ment. The present attack subsided spontaneously, but 
bilateral renal and ureteric calculi were demonstrated 
radiologically. He remained in hospital for two and a half 
months and was symptom-free except for one attack of 
renal colic. During this period his urine, which had 
initially contained leucocytes, erythrocytes and a trace of 
albumin, but had remained sterile on culture, became 
normal, The Sulkowitch test showed a low excretion of 
calcium, and the amino-acid pattern was normal. The 
blood urea was at first elevated to 49 mg./100 ml. but the 
serum sodium, potassium, chloride, CO, combining 
power, protein, calcium, phosphorus and alkaline 
phosphatase were normal. 

Three months later an attack of left-sided renal colic 
was accompanied by the passage of a calculus, and 
laboratory tests gave results similar to those obtained 
previously. An intravenous pyelogram after this episode 
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demonstrated mild bilateral hydronephrosis with slight 
i < impairment of dye excretion. Calculi were seen on both 









o During the next 15 months he had only one mild attack 
K of colic and then passed two small calculi which on 
_ canalysis were found to consist almost entirely of calcium 
xalate. The urine contained a variable slight excess of 
ucocytes. was usually sterile on culture and the blood 
rea remained below 40 mg./100 ml. 
A high. urinary oxalate excretion was demonstrated in 
March, 1958, and although he had remained in apparent 
ee good healt h for the previous two years, he was readmitted 
- for further study. There were no abnormal clinical 
findings: marrow aspirate did not show any oxalate 
_.. deposits, and the eyes were normal on slit-lamp examina- 
“tion. A radiograph of the kidneys showed multiple 
= bilateral.stones; there was no abnormality in the appear- 
ance of the long bones nor visible calcification in the 
testes. Laboratory examinations showed a sterile acid 
~ urine “with excess of leucocytes, a blood urea of 45 mg./ 

- 100 ml. gpd urea clearance of 80° with normal figures 

for blood sodium, potassium, chloride, CO, combining 

power, calcium, Phosphate, uric acid and total protein. 
‘Fawr was a moderate fall in serum albumin and a rise in 
globulin, principally gamma globulin. A series of 24- 
hour urine specimens showed a daily oxalate excretion in 
the range of 400-490 mg. 

At the age of 154 years, nine months after this admis- 
¿4 sion, be had further left-sided colic, and three months 
“later, although he had passed several calculi, it was 
ecessary to admit him for removal of impacted calculi 
tbe lower end of the left ureter. He had lost some 
t sovlpred n marked Po ana. anaemia, but felt 









Hisi urine remained be but 
| nA pacers At operation three calculi 
Be were removed from the distended left ureter. Post- 
operatively his blood urea rose to 292 mg./100 ml., falling 
gradually to its present level of 220 mg./100 ml. two 
months after operation. He has developed a marked 
anaemia and acidosis, and his daily oxalate excretion, 
which during the three weeks after operation ranged from 
218-320 mg. with urine volumes ranging from 1,800 to 
3,300 mi., has now fallen to about 100 mg.* 
Calcul: were analysed on several occasions and cen- 
sisted entirely or mainly of calcium oxalate. 
© Case 2 A girl, the third child, was investigated at the 
age of 13} years because her daily urinary oxalate excre- 
tion was. 202-214 mg. She had never had any urinary 
symptoms and was quite well. Physical examination was 
negative, and radiography did not show any evidence of 
nephrolithiasis. There were no calcium oxalate crystals 
in an aspirated sample of bone marrow, and no crystalline 
deposits could be demonstrated in the eyes by slit-lamp 
examination. Blood urea, urea clearance, total protein, 
ou phosphorus and uric acid values were normal; 


aus t This patient died from renal failure three months after operation; 
= terminally, he became oliguric and uraemic, and his urinary oxalate 
a veseretion decreased further. 
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the a pei reaction of the urine was Grade I, and the 
urinary amino-acids were normal, There was a slight 
increase in the serum Y, x, and £, globulins. She has been 
well for the last year, and oxalate excretion has remained 
at its initial high level. 

Case 3. A girl, the fourth child, was first admitted to 
hospital at the age of 74 years with a two-day history of 
vomiting, colicky right-sided abdominal pain and 
anorexia. She had never been ill before. Radiography 
showed a large right kidney with numerous stones in both 
kidneys and ureters. The urine was acid with a slight 
excess of leucocytes and free of pathogenic organisms. 
The initial blood urea was 145 mg./100 ml. She im- 
proved during the next two weeks: further biochemical 
and radiological examinations did not reveal any evidence 
of a primary cause for her nephrolithiasis. She passed 
normal amounts of urine of low specific gravity, and her 
blood pressure remained within normal limits. Because 
of a further attack of colic a series of operations on the 
left kidney and ureter were performed for the removal 
of stones and she was discharged in fair condition three 
months after admission, her blood urea having fallen to 
25 mg./100 mi. Analysis of the calculi showed the 
presence of calcium, phosphate and oxalate. 

She was readmitted in uraemia a month later, but 
oliguria persisted in spite of treatment and she died 10 
days later. Permission for autopsy was refused. Esti- 
mation of urinary oxalate was never performed, 

Case 4. A boy, the eleventh child, was seen at the’ age 
of 44 years because urine examination had shown that he 
was excreting increased amounts of oxalate. He had not 


had any urinary symptoms and was perfectly well. 


Physical examination was negative. Radiography showed 
small left-sided renal and ureteric calculi. Marrow 
aspiration and slit-lamp examination did not show any 
evidence of oxalosis. 

Blood urea, urea clearance, total serum protein, 
calcium, phosphorus and uric acid were normal. The 
urine gave a Grade I Sulkowitch reaction and the amino- 
acids were normal. Several oxalate determinations fell 
within the range 110-130 mg. per day. 

Shortly after discharge from hospital he complained of 
left-sided pain, followed by the passage of a stone con- 
sisting entirely of calcium oxalate. He is now 54 years 
old and has had no further symptoms, but his oxalate 
excretion remains high. 

Case 5. A girl. the twelfth child, was first seen at the 
age of 15 months because she had passed three small 
urinary calculi. There was no history of previous 
urinary disturbances. Physical examination was non- 
informative; the urine was acid and contained a slight 
excess of leucocytes; blood urea, total protein, sodium, 
potassium, chloride, CO, combining power, calcium, 
phosphate and alkaline phosphatase were normal. A 
radiograph of the abdomen showed a calculus in the right 
renal pelvis. 

She was admitted for slit-lamp examination of the eyes 
and marrow aspiration, both of which were normal, and 
for further biochemical tests. The relevant urinary 
findings were a Grade I Sulkowitch reaction and an 
oxalate excretion in the range 90-110 mg. per day. The 
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blood estimations mentioned above, the urea cl 
and urine amino-acids were found to be within hormal 
limits. A further radiograph three months later showed 
a stone in the left renal pelvis, but she remained symptom- 
free for a year until she had another attack of renal pain, 
following which radiography showed that the calculus 
on the left side had disappeared. Occasional urinary 
oxalate estimations during the last year have shown 
results comparable with those quoted above. 


rance 


Family 5. In this family there are two children only. 
The parents are not related, and they and other relatives 
tested do not show hyperoxaluria. 

Case 6. A girl, the first child, now aged 8 years, had 
painless haematuria at 2 and 3 years of age. At 5 years 
she had an episode of haematuria with abdominal pain 
and vomiting, and on radiography was seen to have 
bilateral renal stones and stones in the right ureter. On 
admission there were no abnormal physical signs and her 
blood pressure was normal. The urine was acid, free of 
cells and protein and sterile. The Sulkowitch reaction 
was Grade I and the amino-acids normal. Blood urea, 
total protein, sodium, potassium, chloride, CO, com- 
bining power, calcium, phosphorus and alkaline phos- 
phatase were within normal limits. Radiographs of long 
bones were also normal. 

Three calculi, consisting of calcium oxalate and a little 
phosphate, were removed from the lower end of the right 
ureter and she was discharged fit. 

Re-investigation six months later was unhelpful, but at 
6} years she had a further attack of haematuria and the 
left renal stone was passed. Urine specimens tested for 
oxalate at this time showed increased values and she was 
accordingly readmitted at the age of 7 years for further 
investigations. There was little change in the renal 
opacities; bone marrow aspirate was normal and slit- 
lamp examination did not reveal any crystalline ocular 
deposits. 

In addition to the tests mentioned above, the urea 
clearance, uric acid and serum protein electrophoresis 
were normal but the urine oxalate excretion averaged 
170 mg. per day. 

She has been followed for a period of one year and has 
remained well except for the passage of a stone and a mild 
attack of renal colic. The urinary oxalate excretion 
remains at its previous level, 

Case 7. A boy, the second child, now 6 years old, at 
2 years developed retention of urine which was relieved 
by the removal of a stone from the urethra. He has 
since been symptom-free and was seen initially at 4 years 


of age, when there was no radiological evidence o, 


nephrolithiasis. 


same investigations were performed. All were normal 
except for the urinary oxalate excretion, which averaged 
165 mg. a day. 


Family 6. In this family there were four children and 
the parents are first cousins. The unaffected children, 
the parents and other relatives have normal oxalate 
excretions, 
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Case 8. A boy, the first child, was first seen elsewhere 
at the age of 6 years because of nocturnal enuresis, 
frequency and polyuria of some duration. He had 
recently been rather lethargic. Physical examination and 
urine tests were negative, but a radiograph showed 
bilateral abdominal shadows thought to be calcified 
glands. He was then lost sight of until four years later 
when he was admitted to hospital with acute retention. 
He had had one previous such episode three years 
previously and the frequency and nocturnal enuresis had 
persisted. 

He was undersized but series appeared normal. 
His blood pressure was 120/80 and his blood urea 
84 mg./!00 ml. Shortly after admussion he passed a 
stone and some gravel which were found to consist of 
calcium oxalate. As radiography showed bilateral renal 
stones he was transferred to Liverpool. Urine examina- 
tion was normal but his blood pressure had risen to 
130/100 and his blood urea to 110 mg./100 ml. Total 
serum protein and CO, combining power were slightly 
low, but serum chloride, calcium and alkaline phos- - 
phatase were normal. The phosphorus figure was a 
little high. A radiograph showed multiple bilateral and 
renal calculi with small kidney shadows, a right uretemic 
and two vesica] calculi. The long bone structure 
appeared normal. He was operated upon and several 
calculi were removed from the small right kidney. 
Estimation of urinary oxalate at this stage revealed a high 
excretion (212 mg. per day). The urine amino-acid 
pattern was normal. 

A month later his blood pressure had risen to 150/100 
and his blood urea to 250 mg./100 mi. The vesical stones 
were removed at laparotomy but his subsequent coun 
was one of slow deterioration with rising blood press 
and blood urea. Slit-lamp examination of the eyes was 
normal early in this terminal phase. 
night before death his urine volume diminished and his 
urinary oxalate output fell to below 35 mg. per day. He , 
died in uraemia 10 weeks after his transfer and autopsy 
was not permitted. Bone marrow aspirate taken after 
death contained no calcium oxalate crystals but post- 
mortem cerebrospinal fluid contained 0-42 mg. of oxalate 
per 100 ml. 


Discussion 


These are all classical cases of primary hyper- 
oxaluria, except for Case 2 who has no urolithiasis 
although she is now almost 14 years old. The 
urinary oxalate excretion values are all between 
about 100 mg. per 24 hours and 400 mg. per 24 hours, 


=> and the individual values cannot be correlated with 
He was admitted to hospital with his sister, and the 


the severity or the apparent age of onset of the 
urolithiasis. The urinary oxalate excretion de- 
creases during the last weeks of life as the terminal 
uraemic illness progresses, and we think that this 
may be associated with a phase of rapid oxalate 
deposition in the kidneys with the accumulation of 
at least the major proportion of the extra-renal 
deposits. The absence of detectable oxalate deposits 


During the fort- «4 
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in the kidneys of patients with primary hyper- 
oxaluria several years before death and in scarred 
_ pyelonephritic areas of the kidneys of one patient at 


autopsy (Scowen, Stansfeld and Watts, 1959; and 
-o unpublished observations), as well as the apparently 
<c Normal bone development, except possibly when 






= there has been prolonged renal failure, in spite of 
the calctum oxalate deposits at the growing ends of 


“the bones at autopsy, are in conformity with this 
= suggestion. 


o Direct evidence of oxalosis during life 
-= was not obtained by sternal marrow aspiration biopsy 
-or by slit-lamp examination of the eyes. It may be 
that trephine-biopsy of a cancellous bone or biopsy 
of a small muscular artery would be more informa- 
tive in this respect. 

Oxalosis only occurs if renal failure is accom- 
panied by an abnormally increased endogenous 
oxalate production. There is no satisfactory 
methodefer the measurement of the blood oxalate 
level (see for example Barrett, 1943), but the observa- 
tion that detectable amounts of oxalate were present 
in the cerebrospinal fluid and pleural effusion of the 
case reported by Scowen, Stansfeld and Watts (1959) 
and in the cerebrospinal fluid in Case 8 suggests that 
the concentration of this anion may be raised in the 
body fluids generally in the terminal stage of the 
disease. 

Except for evidence of renal failure, the elevated 
urinary oxalate excretion was the only abnormal 

athological finding in all of these patients. The 
value of this relatively simple diagnostic procedure 
in differentiating primary hyperoxaluria from other 
causes of Juvenile urolithiasis, which do not carry 
such a grave prognosis, merits emphasis: Case 4 was 
diagnosed by this means before he presented with the 
clinical manifestations of renal calculi. Cases 1 and 
8 illustrate the inexorable course of the disease and 
the failure of surgical intervention to influence its 
uniformly bad prognosis. All of our patients who 
were investigated in the pre-uraemic stage of the 
disease had nermal serum uric acid levels. This is 
of interest in view of Aponte and Fetter’s (1954) 
suggestion that the hyperuricaemia, which they 
observed in three cases with renal impairment, 
indicated that the disease was in some way associated 
with an abnormality of purine metabolism. 


hyperoxaluria in patients whose urinary oxalate 
excretion was measured immediately after birth, 
there are clinical and pathological grounds for 
suggesting that the underlying error in the disease 
may be present at that time. The multiple incidence 
of the disease within sibships (Families 4 and 5 of 


__ this report) in the absence of any abnormality in the 


: -parents or more remote relatives, and the occurrence 


IH 


of one consanguineous parentage in the total of 
eight families which have been studied in our labora- 
tories (Archer ef al., 1958; Scowen, Watts and Hall, 
1959) are compatible with the disease being due to 
the operation of a rare recessive character; the two 
sexes appear to be equally affected both in number 
and severity. However, Shepard, Krebs and Lee 
(1958) reported a family in which hyperoxaluria was 
present in two and possibly three successive genera- 
tions, suggesting a dominant type of hereditary 
pattern. It may be that this apparently dominant 
type of inheritance resulted from the mating of a 
subject who was homozygous for the recessive gene 
with the corresponding heterozygous subject (cf. 
Garrod’s (1908) explanation of the apparently rare 
dominant type of inheritance of alkaptonuria). If 
this were so, it is curious that the presumably homo- 
zygous parent does not show any evidence of stone 
formation. An alternative explanation is that there 
are two different metabolic lesions which cause 
excessive oxalate excretion and that each has its own 
pattern of inheritance. There is evidence that a 
metabolic error involving one of the pathways of 
glycine metabolism results in excessive endogenous 
oxalate production in cases of the type which we 
have described (Watts, Scowen and Crawhall, 
1959). 


Summary 


The clinical features of eight cases of primary 
hyperoxaluria occurring in three families, in one of 
which the parents were first cousins, are reported 
and the literature dealing with similar cases is briefly 
reviewed. 

Measurement of the urinary oxalate excretion, 
which is always raised, is essential to distinguish 
these patients from other cases of juvenile urolithiasis 
which do not carry such a grave prognosis. 

The precise level of the urinary oxalate in indi- 
vidual cases cannot be correlated with the apparent 
age at which stone formation begins or with its rate 
of progression. A marked diminution in the urinary 
oxalate excretion characterizes the terminal uraemic 
phase of the disease which may or may not follow a 


< period of chronic renal failure. 
Although there are no reported cases of primary 


Microscopic examination of aspirated sternal bone 
marrow and slit-lamp examination of the eyes for 
evidence of oxalate deposits have not been helpful 
in assessing the prognosis of individual cases and 
have given no indication of the development of 
oxalosis (disseminated extra-renal oxalate deposits). 
It is suggested, on the basis of indirect evidence, that 
this occurs only late in the evolution of the 
disease. 
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rstitial myocarditis, Shean called Fiedler’ s myo- 
is, to ether with a discussion on points of differ- 
diagn: ‘Ta the: second chapter the author 
ssesethe viral aetiology at some length. Two main 
ae ‘groups J of viruses are associated with myocardial involve- 
i : ment—acute infectious fevers, mumps, influenza, acute 


a ‘respiratory’ disease, rubella, hepatitis and certain other 


viruses, herpes, vaccinia and poliomyelitis. The main 
substance of the monograph i is devoted to an analysis of 
. the’ Yapidly accumulating evidence on the causal role of 
xsackie virus in acute primary myocarditis. This 
review shows. that since Gear and others in South Africa 
reported on two epidemics of acute myocarditis in the 
newborn from which Coxsackie virus was isolated 
similar reports have been received from many other areas 
of the world. There now seems little doubt that 
© Coxsackie virus B, and in particular serological types 
“ B2, 3 and 4, play a definite role in the causation of this 
disease. Having worked with Dr. J. Enders, the author 
i fas recognized the need for careful laboratory investi- 
__gitions in research into conditions of this nature, and 
othe: monograph. concludes with a useful summary of the 
material needed and tests to be undertaken in such 
-+ investigations. E 
coe The monograph contains a lot of useful information in 
a compact volume of 148 pages. There is a compre- 
hensive bibliography. | 







l “Maladies Héréditaires du Métabolisme chez l'Enfant. By 
`: M. Lamy, P. Royer and J. Frézal. (Pp. 259: 72 figs. 
Fr. fr. 3,600) Paris: Masson et Cie. 1959, 
oa Jtis difficult to praise this.book too highly. The three 
aon cover a field of medicine, our knowledge of which 
is in a stage of rapid advance. It is also a specialized 
z and difficult field, comprising a number of somewhat rare 
or very rare diseases. of which the aetiology in almost 
-every instance is quite different. The chapter headings 
-are formidable. They leave the reader in no doubt that 
here is no manual for the doctor looking for a guide to 
children’s diseases in everyday practice. A chapter on 
principles of genetics and the metabolic disorders is 
followed by those on conditions long recognized as dis- 
~ orders of internal metabolism and by others on conditions 
“such as congenital hyperplasia of the adrenals less 
obviously included in the title. 
The writing is admirably clear, concise and under- 
andable. The language barrier need hardly cause any 

















_ information on whooping cough. 


BOOK REVIEWS 


difficulty to anyone with the most elementary French 
vocabulary, such is the ability of the authors to m 
their subjects seem almost simple and to express their 
meanings in sentences which should be an example to 
writers in English. | 
Each subject is broken up into sections which fully | 
cover the clinical, pathological and genetic aspects. 
There are many illustrations, histological, radiological 
and clinical of reasonably good quality. 


It is refreshing to find, too, that either because of _ a 
European interest in this field, or because the authors >` 


have taken the trouble to read the European literature, 
the references they give are very largely from this side of 
the Atlantic. Each chapter is very fully documented. 

It is to be hoped that Professor Lamy’s book will find 
its way into most paediatric libraries. 


La Coqueluche. Séminaire organisé par le Centre Inter- 
national de VEnfance. (Pp. 232; illustrated; Fr. 
fr. 1,400) Paris: Masson et Cie.. 

The International Children’s Centre is to be com- 
mended for providing us with such a rich source of 
It is the report of an 
international seminar with representatives from 18 
countries (although the participants were predominantly 
French), when the diagnostic, immunological and thera- 
peutic aspects of pertussis were discussed. Much of the 
original work here reported has already seen the light of - 
day in medical journals such as that of E. K. Anderson 
of Denmark and D. G. Evans of Great Britain, but there 
is a lot that is quite new. For the paediatrician and the 
specialist in infectious fevers the relatively small section 
on treatment should hold special interest. In spite of the 
many new treatments tried and the claims made for them, 
the cure for pertussis remains yet to be discovered. The 
clinical and laboratory research worker will find a great 
deal of current research work conveniently collected 
together in this volume. The lack of an index or a 
bibliographical list is to be regretted. 


Healthier Babies—-Happier Parents. By Henry K. 
SILVER, C. HENRY Kempe and RutH S. Kempe. 
(Pp. 244; illustrated. 8s. 6d.) London and Glasgow: 
Collins. 

This book is so truly American that, though the 
publishers claim that it has been trimmed for the English 
market, nothing can disguise its origins. Equally 
divided into two parts, the first is a straightforward and 
comprehensive manual on child care which, it is claimed, 
‘can be read with profit before the baby arrives and 
should be regularly referred to thereafter’: this claim is 
not idle. It could indeed profitably be read by nurses 
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up for the Children’s Certificate Examination 
would pass-—easily. It is teally markable how 
sensibly informative this section is... From line 1 ‘A baby 
does not look his best Just after he is born—as everybody 
knows’ to the last words in the book ‘Happy second year 
and each succeeding one!", the pages turn with an easy 
swing; the ‘mother is both informed and comforted 
through almost every possible eventuality. Throughout, 
the dominating note is one of quiet reassurance, and one 
is left with the impression. that, provided the mother 
reads the book carefully and, of course, turns to her own 






on, dnd they 


doctor with any remaining doubts or difficulties, nothing 


can ever go wrong. Even tetanus ‘is always a serious 
condition and total recovery may not occur for several 
weeks. However, once improvement has begun the 
eventual recovery is complete.’ Information is given 
over a very wide field. There are 15 points to write 
down for a baby-sitter, the last of which being whether 
she will be taken home (though it does not say at what 
time!); it offers four different feeding schedules ‘strict 
timetable’, ‘strict sélf-demand’ and a ‘modified self- 
demand’, alternatively called ‘flexible timetable’; there is 
a section on a dozen or more illnesses couched in straight 
medical textbook style, with signs, symptoms, compli- 
cations and treatment; there is advice on making up the 
feed by two alternate techniques, standard cleaning 
technique or the terminal sterilization method; and there 
is this statement on breast and artificial feeding: ‘Breast 
and bottle feeding are both perfectly satisfactory ways 
of feeding your baby. Although breast feeding is the 






natural way in which to feed a baby, the majority of — 
babies in western countries are fed by bottle, and there 


is every reason to believe that both methods are equally 
successful in satisfying a baby’s physical and psycho- 
logical needs.” There it is, the simple truth put forward 
by two well-known Professors of Paediatrics and a 
specialist in the field of mental health and child guidance. 
It is probably true, although it is doubtful whether any 
paediatrician on this side of the Atlantic has ever said 
or even thought it with such simple conviction. 

Section 2 is in the form of mothers’ questions, 683 of 
them, designed to fill up any gap that may have been left 
in the mother’s knowledge. Each question is answered 
carefully and sensibly, and one is left with a feeling of 
admiration for the endless patience exercised by 
American doctors in relation to their patients. What 
English mother would worry (in four questions) about her 
baby’s shoes during the eighth month, and who, in this 
country, would be able to explain the intricate pros and 
cons of high uppers for a baby of this age. Then again, 
who would ask her paediatrician whether at 11 months 
her baby is capable of developing artistic tastes, to be 
told sensibly “Yes, he is, in a rudimentary way’ and ‘the 


ARCHIVES OF DISEASE IN CHILDHOOD 


baby will enjoy pictures and music quite naturally if they 
are simple enough for him and therefore not boring’. 
A good example of the merits and also at times the 
tedious nature of the question and answer method is the 
following passage concerning overweight. Question 574: 
‘How much weight does a baby gain during the ninth 
month”. Answer: “Half an ounce a day or about a 
pound during the month.’ Question 575: ‘Should I be 
concerned if my baby seems overweight?’ Answer: 
‘Usually not’ with a further 12 lines of explanation. 
However, the mother persists--Question 576: ‘Is baby 
likely to be healthier if he weighs more than the average ?’ 
Answer: “No, not. really’ and four more lines of explana- 
tion. Question 577: ‘Does a baby inherit his tendency 
to be overweight? A guarded answer follows: ‘A baby 

can inherit a tendency to gain weight easily, but this 

doesn’t mean he has to be fat’ and seven more lines of 

explanation. Still she persists-—Question S78: ‘Is it 

possible for a baby to become overweight even though 
he does not eat too much?’ The answer is judicious, 

but one detects a tinge of exasperation: ‘This depends: 
on what you mean by “too much” . If a baby gets 

much overweight he is almost certainly eating too much.” 

Finally, Question 579: ‘Should anything be done if my , 
baby is overweight?" And the answer is worth quota” 
in full: “Don’t do anything. without asking your own 

doctor. Usually a mild degree of plumpness in babies 
does absolutely no harm at all. Let your doctor decide 
whether your baby is too plump... -If he feels your baby 
should lose weight he will give careful instructions about 
diet. Never put your baby on a special diet without 
asking your doctor. You might be leaving out foods 
which are important.’ This quaint conversation is 
perhaps a little hard on the book since many of The 
sequences are intelligently planned to give valuable 
information on important subjects, but it does illustrate” 
how these mothers, though copiously primed with 

detailed information on baby care and quasi-medical . 
knowledge, jean on their family doctors and paediatri- 

cians, and how careful the authors are to encourage this 

attitude. 

The illustrations, profusely catered throughout the 
pages, are not more than thumbnail sketches of a pixy- 
like triteness, quite unworthy of the highly informative « 
and serious tone of the book which really only lacks a 
little of the boisterous fun and self-confidence of Spock’s 
paper-back, which sold for 5s. across the counter of 
chemists’ shops and has since been translated into many 
languages including Russian. The present handsomely 
bound book, which could in this country undoubtedly 
be useful to the middle-class counterparts of the American 
mother, will surely not appear in Russian or English 
chemists’ shops except perhaps in Bond Street. 











‘This article is an attempt to relate the present-day 
look on nephrosis in childhood with the ‘natural 
istory’ of the disorder as it was seen at The Hospital 
~ for Sick Children, Great Ormond Street, in the days 
> before modern treatment was available. The first 
_ period of the study is the responsibility of one of us 
*(D.L) and covers the years 1917-38. During the 
war years in-patient care of the children attending 


this hospital was widely dispersed and records are 


Mot always available. 


With the opening up of the 
hospital to more than a handful of patients in 1945 
and the development of a new index system the 
study starts again and covers up to 1956-7. This 
period falls into two parts: for 1945-51 it had 
become possible to prevent and treat infection in 
children with nephrosis by means of sulphona- 
mides and antibiotics; from 1951 steroids became 


o gvailable, at first in limited supply for selected cases, 


wy 





and in 1955 freely available for all cases as required. 

The Hospital for Sick Children, Great Ormond 
Street has a large turn-over of patients and serves a 
wide area. This means that large numbers of case 
records have to be read and details checked before 
a child can be accepted as qualifying for inclusion 
in the series. It also means that follow-up of 


. children, especially after they have passed the age 


for attendance at the hospital, presents many 
difficulties. 
Definitions 


For the purpose of this study the term nephrosis is 
applied to a syndrome presenting four essential 
characteristics, namely oedema, gross proteinuria, 
lowered plasma albumin and raised blood choles- 
terol. 

The disorder presents, usually in the absence of 
any constitutional disturbance or other sympto- 
matology, with the unheralded onset of generalized 
oedema. In severe cases the child becomes univer- 
sally waterlogged in the course of a few days, 


* A summary of this paper was given at the IX International 


, Paediatric Congress, Montreal, in July, 1959. 


BY 


115 


FORTY YEARS OF NEPHROSIS IN CHILDHOOD* 


DAVID LAWSON, ALAN MONCRIEFF and WILFRID W. PAYNE 
From The Hospital for Sick Children, Great Ormond Street, and the Institute of Child Health, London 


(RECEIVED FOR PUBLICATION JUNE 19, 1959) 


although a slower but steady increase in oedema 
over the course of two or three weeks is commoner. 
The urine, which has usually been unremarkable in 
quality, although often moderately diminished in 
quantity, is found to contain from 500 to 2,000 mg. °% 
of protein but only a moderately increased red cell 
content. Addis counts of up to 10 million are not 
uncommon but the haematuria seldom amounts to 
more than this and is almost never macroscopic. 
The serum cholesterol is usually raised at the ‘onset’ 
but, if not, it steadily rises in the course of a few 
weeks to levels between 400 and 2,000 mg.%. The 
plasma albumin concentration is always markedly 
decreased and may be below 1% 

An infection often precedes the clinical onset but 
it is seldom clearly streptococcal and is more often 
in the nature of a common cold or bronchitis. 
Subsequently, it is often found that such infections 
will precipitate a return of, or an increase in the 
degree of, oedema and it is easy to understand that 
such an episode may first bring the hitherto sub- 
clinical disorder to light. The oedema may last 
for a few weeks only or may persist over months 
or years with alternating remission and relapse. 
When onset or relapse can be closely studied 
biochemically, it is found that the oedema is the last 
of the signs to appear in relapse and the first to 
disappear in remission, with the possible exception 
of proteinuria. After such a variable course all the 
manifestations may clear and the disorder may 
appear to be healed. Death may occur in periods 
of severe oedema from biochemical and water- 
balance disturbances or from overwhelming bacterial 
infection to which these children are particularly 
subject; or there may be a gradual or rapid super- 
imposition, at any phase, of the features of general- 
ized renal failure and hypertension with final death 
in uraemia. The transient occurrence of nitrogen 
retention or hypertension, particularly common in 
periods of increasing oedema, does not however 
itself presage such a termination. 

In the 1945-57 series clinical notes and biochemical 
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records have been fairly complete; most of the cases 
could be followed up and re-examined and all were 
within the memory of authors or colleagues. 

The extraction and definition of the 1917-38 
series was more difficult because (1) records, and in 
particular biochemical investigations, were less 
complete; (2) there were no existing follow-up 
studies as out-patient records for the period did not 
survive the Second World War; and (3) the unity 
of this disease was not recognized at the time and 
cases were found under a wide range of diagnostic 
headings. Biochemical criteria were applied wher- 
ever possible, but in many cases a subjective element 
had to be introduced. 

When the question of differentiation between 
nephrosis and acute glomerulo-nephritis arose, main 
reliance was placed on the following contrasting 
features in the natural history of acute glomerulo- 
nephritis: (1) sudden onset with urinary signs, often 
within 10-14 days of a streptococcal infection; 
(2) transient nature of the oedema; (3) rapid rise and 
fall in any transient initial nitrogen retention and 
hypertension; and (4) normal blood cholesterol and 
plasma protein at clinical onset. 


Classification 


For the purpose of analysis the cases have been 
placed in one of the four following groups: 

Inactive. This means the absence of the four 
essential criteria already quoted. Albuminuria 
must not exceed 50 mg. per 100 ml. The electro- 
phoretic pattern of the plasma proteins is normal. 

Latent. There is no oedema but albuminuria is 
above 50 mg. per 100 mi. and blood urea and 
cholesterol levels may or may not be normal. 

Active. This group consists of cases with the 
complete, potentially reversible nephrotic syndrome 
just described, who may have transient increases in 
their blood urea and blood pressure, and also cases 
who have progressed to the irreversible uraemic 
stage, as judged by a persistently high and increasing 
blood urea and an increasing blood pressure. 

Dead. The cause may not always be directly 
related to the nephrosis. 

The second group is the most controversial and 
must be further discussed. By oedema in a follow- 
up series is meant essentially the pre-tibial oedema 
of the child, otherwise apparently well, who is 
attending the out-patient department, not the water- 
logged condition of the in-patient which fluctuates 
so much and not always for obvious reasons. There 
is no simple way of screening patients other than by 
looking for the pre-tibial oedema. Al such cases 
will have some degree of albuminuria. When the 
oedema goes the child is clinically normal, but there 
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may or may not be albuminuria of over 50 mg. per 

100 ml. If there is no such albuminuria then the 
child will almost certainly come into the inactive 
group provided that the blood chemistry is normal. 
Strictly speaking therefore inactive means clinically 
normal (i.e. no oedema) and chemically normal. 
The latent group seems to contain three sub- 
divisions: (a) clinically normal but still albuminuria 
of over 50 mg. per 100 ml; (4) clinically normal but 
both albuminuria and abnormal chemistry: and 
(c) clinically normal, no albuminuria but blood 
chemistry not quite normal. It is recognized that 
this latent stage may persist, but it only appears in a 
very small number of the patients whose records 
have been analysed in the 1945-57 series and the 
transfer of such patients to either the inactive or 
active groups will not affect the main conelusions. 


Description of Search (1917-38 Series) _ 


The in-patient case records for this period are 
bound in volumes at the end of which is a diagnostic 
index prepared by the registrar. All these indices 
were searched and every case history examined > atl 
which there appeared the remotest possibility that it 
might be a case of nephrosis. These diagnostic 
terms included every case in which the word neph- 
ritis of any kind was used and any in which the words 
oedema or toxic oedema were used. This resulted in 
a close study of the records of 1,500 cases. The 
greatest care was taken to make this selection as 
accurate as possible, but in certain cases recourse 
had to be made to something closer to intuition than 
to scientific study in view of the paucity of records. 
The author (D.L.) who carried out this part of the 
work is however satisfied that the diagnosis was ' 
almost certainly correct in every case included and 
any doubtful ones were discarded. 

Analysis. The total number of cases found in 
this way was 78. Of these 18 had died during the 
first or subsequent admission and 60 had been 
discharged and lost from the records (Table 1). 

TABLE | 
SEARCH AND FOLLOW-UP (1917-38 SERIES) 





in-patients’ Records Searched 1,500 
Accepted as nephrosis . a Ss D sa 78 
Died in hospital .. sa a ade 18 
Follow-up attempted 1953, hi ea 60 
Follow-up failed 1953 .. | 44 
Followed up 1953 | 16 





An attempt was made in 1953 to trace these 
60 cases. Letters were sent to them at the recorded 
addresses and if no reply was received a further 
letter was sent. In a number of cases the patients 
could be traced at these addresses and in others 





: - information was. given by the present occupier 
ihich led to their successful tracing subsequently. 
‘his search was completely unsuccessful in 44 of the 
60 cases. Sixteen were successfully traced and of 
hese five had died (Table 2). 










TABLE 2 


ALYSIS OF t6 CASES SUCCESSFULLY FOLLOWED UP IN 
1953 cata SERIES) 






Active eo By ahs 

Latent pn va EF i 

Inactive  .. sa 1 8 

Unclassified | us ..| 2 (in perfect health but 
not examined) 





_. The remaining 11 were asked to come to the 
+ out-patient department for clinical and biochemical 
examination and nine did so. None of these had 

' had any clinical relapse since his admission to 
hospital in childhood. All were in perfect health 
and none showed any clinical or biochemical evi- 
Mence of activity. or of sequelae of any kind, except 
“for one. woman who had borne children without 
mishap but whose urine contained 100 mg.°% of 
protein.. This technically places her in the latent 
rather than the inactive group. The remaining two 


were unable to come but sufficient information 


could be obtained to ensure that they were in 
perfect health. | 
Causes of Death (1917-38 Series). The 23 known 
deaths in this series have been classified as follows 
" (see Table 3): 
TABLE 3 
ANALYSIS OF CAUSES OF DEATH (1917-38 SERIES) 





| No. of Cases 

Bacteria? een | 9 (includes 1 measles) 

Treatment as is S 

Uraemia A 

Water and electrolyte. disturb-, 
ance (includes D, and V) i 3 

Diphtheria AE CEDE | 

Unknown ; | Í 

Total... 0 ww 23 


AH Retr tenho het rare SN ae 





(1) INFECTION (nine cases). In all cases this was a 
_ bacterial infection with the exception of one child 
who died in a severe attack of measles. In the 
majority of cases the infection took the form of 
cellulitis, peritonitis and pneumonia, often accom- 
panied by a septicaemia. There have been excluded 
from this heading infections which were the direct 
result of treatment. 
(2) DISTURBANCES OF WATER AND ELECTROLYTE 
o BALANCE (three cases). This includes children who 
= died from overwhelming oedema and also those in 
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whom, the cause of death was given as ‘gastro- 
enteritis’. 

(3) Uraemia (four cases). Children who died in 
chronic uraemia with or without hypertension. 

(4) DEATH DUE TO TREATMENT (five cases). This 
includes two children who died suddenly following 
over-rapid paracentesis, one who died of post- 
operative pneumonia following a renal biopsy, one 
who died with convulsions without previous nitrogen 
retention in the post-operative period following a 
decapsulation operation, and one who died following 
decapsulation, paracentesis and subsequent wound 
infection. 

(5) UNCLASSIFIED (two cases). One appears to 
have been in perfect health for some years following 
discharge but died of diphtheria, and one died after 
discharge but the cause of death is unknown. 

Of 21 cases in which the cause of death is known, 
therefore, all but four are deaths which could 
probably have been avoided had modern techniques 
of fluid and electrolyte balance and modern chemo- 
therapeutic agents been available, and if methods now 
known to be useless and dangerous had not been used. 


Estimate of Mortality (1917-38 Series). Of the 
total of 78 cases 18, or 23%, died during an initial 
or subsequent admission to The Hospital for Sick 
Children. In view of the incompleteness of the 
follow-up it is not possible to make a very accurate 
assessment of the subsequent mortality of the cases 
who were discharged alive. The first question to be 
answered is whether or not it is reasonable to assume 
that the 16 cases who could be traced were a repre- 
sentative sample of the 60 in which the attempt was 
made. This turns on the question of whether 
it is likely to be more difficult to trace patients who 
have died than to trace those who have survived. 


TABLE 4 
ROUGH ESTIMATE OF MORTALITY (1917-38 SERIES) 


No. in series | 
Death in hospital “| 
Deaths after penne 5 out of 16, , equivalent to 

to 19 out of 60 if 


rect temerrseretnerrernrnirentensiaaain e min r aunts iA arrear 


Mortality approximately 37 out of 78-47% | 
$0000 AET ETA ELT EN O 


It is in fact the families rather than the individual 
patients who are being traced, and there seems no 
reason to think that it would be more difficult to 
trace the family of a child who had died than of one 
who had survived, although it is possible that the 
families of children who have died might be less 
willing to reply if they received the letter. Of the 
44 untraceable cases, in all but four the follow-up 
letters were returned by the Post Office marked ‘Not 
known at this address’, There were only four cases 
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in which letters were not so returned by the Post 
Office and had therefore presumably been accepted 
at the address given. In these circumstances it is 
considered reasonable to assume that the 16 cases 
traced may be regarded as a representative sample 
of the 60 and the approximate overall mortality of the 
series is as follows: Five of the 16 are dead; therefore 
of the total of 60 it may be assumed that 19 are dead. 
To these 19 presumed dead must be added the 18 
who are known to have died while in hospital, 
giving an overall mortality of 37/78 or approxi- 
mately 47° (Table 4). 

It therefore appears that in the years 1917-38, 
before the days of antibiotics and steroids, the 
recovery rate was of the order of 50°% and that of 
21 cases in which the cause of death is known all but 
four (or approximately 20°) were due to causes 
which might have been averted by modern methods of 
control of infection and water balance disturbance. 


Description of Search and Analysis (1945-57 Series) 


For this period of the study indexed diagnoses 
and a special list held by one of us (W.W.P.) were 
accepted in the first instance, and during the 12 
years or so covered the number of children classified 
as nephrosis was 123. Of these, five were private 
patients under the care of colleagues, and for various 
reasons records were not always complete nor was 
follow-up easy to arrange. They have therefore 
been omitted. Some of the remainder were seen as 
out-patients and transferred to other hospitals at 
once or after a short period. Their records have 
been used only in regard to age of onset and ultimate 
fate, if known. One of us (A.M.) read all the case 
records and reduced the data to a single pro forma 
sheet. This proved a fascinating but formidable 
task. Patients were often in hospital for long 
periods or were admitted on several occasions. 
(The record was held by one child admitted 23 
times.) When no recent information existed this 
was obtained by seeing the child, by writing to the 
family doctor, to another hospital and so forth. 
As already mentioned, patients come to the hospital 
from a wide area and the tracing of them after 
discharge has been extremely difficult.* Altogether 


Penmaes ern reer ra ee STRATEN NaN TA aa a inie SRR TETRA IEPA ete net iih iinn mmn rennin rene iaa putes Arendt 


* It may be mentioned in passing that successes in tracing included 
details obtained and contacts re-established in numerous ways. The 
police traced the address of one family; another patient was found 
after an announcement of her marriage engagement in The Times: 
the trail of one began in Wales, followed to a wrong part of East 
Africa, eventually finished in Central Africa and the child was seen in 
Out-patients when the father was next on leave. (She had actually 
made an apparently complete recovery which early records would not 
have suggested.) The Service authorities have been most helpful in 
tracing patients overseas, one going as far as Singapore. in other 
areas the health authorities have been most helpful and family doctors 
most willing to assist. One child in Malta, who was an in-patient, 
has been reported on whenever necessary. 
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failure has to be recorded for four children in the 
1945-57 series. One is the child of a United States 
Air Force officer who has returned to the U.S.A. 
and, despite every possible effort on the part of the 
authorities, the present whereabouts are unknown. 
Three others were all going downhill shortly after 
the end of the war and cannot now be traced. Two 
of these were in fact rejected on further study of the 
records and are included in the 12 reiects to be 
mentioned later. Therefore of the true nephrotics 
in the series only two have been lost. After deduct- 
ing lost patients, exclusions and transfers, there are 
102 left for the purpose of estimating gross results 
and other factors (Table 5). 


TABLE 5 
PERIOD 1945-57 





~ 


Case records abstracted .. iz 
Selected in error i I 
{ 122. 
Private patients | 5 

| VT att 

Excluded on further scrutiny : IZQ not traced Or" 
l i © 105 
Transfer and no follow-up ng i os! } 
| 104 
Not traced .. pi wi me koad Pr 
102 





As already pointed out, this period can be divided 
into two main sections. 
was available and then steroids were introduced, 
at first (since the supply was short) for limited and 
selected cases and by 1955 for all considered suitable. 
Detailed analysis as regards treatment wall be given 
later. Here the gross results are considered accord- 
ing to the definitions already set out. In the 102 
children successfully followed the disorder is con- 
sidered to be inactive in 49, latent in nine and active 
in six. The remaining 38 are dead. This gives a 
crude recovery rate of about 50°% or the same as in 
the 1917-38 series when neither chemotherapy nor 
steroids were available. There is however a strong 
suggestion, supported by a small number of cases, 
that maintenance methods of using steroids have 
remarkably altered the picture. 

A histogram (Fig. 1) illustrates the distribution on 
the basis of age at onset of the oedema, showing the 
usually accepted peak between | and 5 years of age. 
The deaths are very much the same proportionately 
for each age group throughout the series. The 
three children with a recorded onset before 6 months 
of age are the subject of a special note on congenital 
nephrosis on page 125. 


Up to 1951 chemotherapy 
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. Fic. 1,—Histogram showing age at onset in 102 cases of nephrosis 
(1946-57 series). 


title 









a 


N The totals for the whole series are shown in 


m able 6. This shows a higher incidence in boys and 
a slightly higher mortality rate among boys than 
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TABLE 6 
GROSS RESULTS (1945-57 SERIES) 








© | Total | Boys | Girls 
Cases followed wm o soo g o 
Inactive | 49 | 25. y xan 
Latent k oe a sal 9 f | 3 
Active - ds bs idl 6 5 i 
Dead . ; | 38 23 | 15 
girls. The numbers for latent or active cases are, as 


already mentioned, small in relation to the clear-cut 
groups of a satisfactory or fatal ending. 

Table 7 gives details of the records of 12 patients 
in the 1945-57 series which, on final scrutiny, have 
not been included in the total of examples of 
nephrosis. Reasons for the rejection are given in 
the final column. The other columns indicate why 
at first sight the records appeared to justify inclusion. 
Since over half are known to be dead, and most of 
the others to be going down-hill, it seemed important 
to remove them from the series, otherwise they 
would have erroneously weighted the dead, active 
or latent groups. 


TABLE 7 
NEPHROSIS RECORDS REJECTED ON FINAL SCRUTINY (1945-57) 





When First Seen 





| 
| — sO cet 
| Urinary Proteins! Total Serum | Blood | ns 
Name | Age i Oedema | (meg. %) Proteins Cholesterol | Reasons for Rejection 
. l OR ae | | (mg.%) | mg) 
ese nniscaanoai i = | anette aa aaa 
Kenneth B. 12 c Nil | 440 4-7 | Not done | No oedema; persistent haema- 
l | | | | turia; probably chr. nephritis 
i i i 
© Margaret D. ..! 24 ! eH j j i 1,500 3-6 870 | Raised blood urea; haematuria 
| l | i type 2-nephritis from onset; acute 
| i | nephritis 8 mth. before 
Raymond E, .. 7 | +++ 700 | 33 | 470 | Haematuria +- +; scarlet fever 3 yr. 
l | before; chronic nephritis 
i 
Daniel H. A g Minimal 700 | 5-62 | 208 rit ie ai eae Pepaidapienoimeg: 
i aly; chronic nephritis 
>. Peter H. ae 10 i ++ Nil 3°02 | 367 Never any albuminuria at G.O.3.; 
| ? ‘cured’ before admission; oedema 
| for 7 weeks at age 43 yr.; lost to 
k ; | | | follow-up 
|. Michael H ..) 33 -+ | 140 4-49 | 386 | Latent stage when first seen; died 
Ei : | | i | chronic nephritis age 10 yr. 
i |. i i i . 
Michael K. | ił o] PEF Gross | 3-62 394 | Transferred 
i i i A 
Peter L. sai i | Nil 800 | 4°6 | 356 | No oedema at any time; persistent 
: | | | _ Fed cells in urine 
f | ; | 
Vera M. 9 | Slight 800 | 4-4 | ae | Lost in follow-up; raised blood 
| i | | pressure; acute nephritis aged 9 yr 
eet 
Lothan M. .. 9 | Nil 1,000 | 5-6 | oe | No oedema; blood urea 148 me.%; 
i , died chronic nephritis 
owes 
Christopher 8. | 4 | Nil l 375 | 5-9 | 166 | No oedema at first attendance; 
| | | | | latent in 1951 
7 | | oe | re 
Coo Jans. ead 6} | Slight 400 | 5-3 206 | Fibrocystic disease; cirrhosis of 
oe : l | | | liver; died aged 7} yr. 
be ae i Í i 
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Results of Treatment (1945-57 Series) - 


In the 1945-57 period a low salt and high protein 
diet was almost universally the basic treatment for 
cases of nephrosis while in hospital. Sometimes a 
diet which was almost salt-free was given, but 
sometimes it was found to produce abnormally low 
levels of serum sodium while oedema still persisted, 
and it is now rarely used. As well as this basic diet, 
various other forms of treatment were tried. 


Thyroid. It was for a long time considered that 
thyroid had a place in the treatment of nephrosis and 
many cases were given this substance. Some cases 
were given thyroid up to the level of tolerance, 
shown usually by the onset of diarrhoea. In others 
normal therapeutic doses only were given (4-1 gr. 
thyroid daily). 


Resins. With the introduction of resins, in a 
form suitable for therapeutic use, a group of children 
was treated using various types of resin. The 
results have been published in more detail elsewhere 
(Payne and Wilkinson, 1951). 


Diuretics. 
used. 

Urea. When urea is used as a diuretic it has been 
found necessary to give relatively large doses, such 
as 15 g. a day, and at the same time to restrict the 
fluid intake. Until the blood urea reaches approxi- 
mately 100 mg.°%, diuresis does not occur. When 
this level is reached diuresis follows in some cases. 
In others, unfortunately, no diuresis occurs. In- 
creasing the blood urea to a higher level almost 
invariably produces such severe discomfort that it is 
impractical as a form of treatment. The misery of 
the child in these circumstances is most striking. 
When successful, the treatment can be maintained 
for many months. 

Water. Diuresis will result from forced water 
intake. Again this is by no means always possible. 
In some cases there is an initial retention of water 
and then any excess water given is excreted quanti- 
tatively. In other cases the excess water carries 
with it some of the oedema and a genuine diuresis 
occurs with loss of oedema. 

MERCURIAL Diuretics. Mersalyl was the most 
frequently used and, as with other diuretics, there 
was sometimes an initial diuresis which in general 
was not maintained with further doses. 

NON-MERCURIAL Diuretics. Usually these have 
had no effect but occasional diuresis has occurred 
with the first few doses. Subsequent doses have 
proved ineffective. 


Several types of diuretic have been 


Fever. In a few cases production of fever, either 
by measles or malaria, has been used, but the 
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numbers are too small for use in this study. Usually 
there has been an initial loss of oedema followed in 
almost all cases by a return of oedema at varying 
intervals of time. l 

In Table 8 the results of individual treatments are 
shown, the results being classified as inactive, latent 
or active, according to the child's condition at the 
end of any particular period of treatment. The 
majority were on a basic low-salt high-protein diet 
and antibiotic treatment when necessary. Examina- 
tion of this Table will, of course, show many more 
case treatments than the actual number of children. 
It will be seen that the number of cases classified as 
inactive occur mainly in the group which had rather 
prolonged treatment on the basic diet alone. 

In two of the 36 treatments with urea the inactive 
state was reached, but the other diuretics, resin or 
water, produced only a transient improvement: five 


of 14 cases treated with water and 10 of 36 cases . 


treated with urea became latent. Of the 23 cases 
receiving the basic treatment plus thyroid, five 
became inactive and six latent, and of the 49 case 


treatments in which no specific treatment other thaff_ 


the basic diet was given, 16 became inactive and 
13 latent. | 
TABLE 8 
RESULTS OF TREATMENT (1945-57 SERIES) 


t 





| Resuit 














Treatment i Number ~ p mar 

4 Active | Latent | Inactive 
Basic alone... ee .| 49 | 20 | B | 16 

» thyroid | 22; 12 | 6 | 5 - 
, -Presins .. Boo R 1 | 0 
ss +urea si i 36 | 24 10 2 
» water .. k; LO 145 9 | $o | 0 
» other diuretics OD Ty: | i8 1 | 0 
None ri n < _ | 10 

: i i 





It will thus be seen that no better results were 
obtained when any specific treatment was given than 
when basic treatment alone was given. In fact, 
since the duration of the basic treatment was 
normally much longer than that of the specific 
treatment, the results appear much better. 

The total number of cases not receiving steroids 
and becoming inactive in this group was 33: 10 
recovered after being discharged and were presum- 
ably on no particular treatment at all. 


Steroids. These became available in small 
amounts in 1951. A few cases were treated in the 
first years, and subsequently the use of steroids as 
the main treatment became general. Since 1951 the 
way in which steroids have been used has changed 
considerably and, largely owing to the more critical 
examination of results, the general aim of individual 
treatment has altered. Before steroid treatment 
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there was no known method whereby the albumin- 


uria could be controlled, and most clinicians planned 
the treatment of their cases on the basis of getting 


; f crid of the oedema and hoped that the albuminuria 
and other abnormalities would clear up in time, but 






‘ -the disappearance of the oedema was regarded as the 


therapeutic aim. (This point is discussed at greater 


“Jength later.) It was on the disappearance and 
“re-appearance of oedema that the reputation for 
< frequency of spontaneous remissions and relapses in 
== nephrosis was based. 
“apparent recovery are used, 


If the stricter criteria for 
it will be seen that, 


a although there is still a liability to relapse, it is by no 


means as frequent as was previously considered. 

“The records have been examined using these 
stricter criteria and, of the 15 children who reached 
the inactive phase and had had steroid treatment, 
two cases only relapsed, one recovered spontan- 
eously and the other recovered after further treat- 
ment. In 22 cases of children not receiving steroids, 
who reached the inactive stage, only one case 


N relapsed, and that case also made a spontaneous 


=. FECOVETY. 


However, in the steroid-treated cases 
who have reached the inactive stage relatively 
recently, intercurrent infections may cause a 
transient return of the albuminuria, lasting from a 
few days to two or three weeks and disappearing 
without treatment. 

Initially, short courses of steroids were given, 
either ACTH or cortisone. ACTH was usually 


' given for eight to 10 days in varying doses, usually 


20 to 40 mg. daily, and cortisone in doses from 100 to 
200 mg. daily for approximately 10 days. In both 
cases at the end of that period treatment was 
abruptly stopped. This was called the short 
treatment. In most cases diuresis occurred and 
generally oedema disappeared but albuminuria, 
although frequently lessened, was generally still pres- 
ent and in- most cases the oedema returned later on. 
ye next phase was to give larger doses, 200 to 





; 300 me. of cortisone, or the equivalent of predniso- 


J _lone, or if ACTH was used, 80 mg. daily using the 
` gel in divided doses. 


This treatment was maintained 
for approximately one month and then the steroids 
were tailed off fairly quickly, usually within two to 
three weeks. This type of treatment has been 
called long-term. In general in these cases the 
albuminuria disappeared only to reappear as the 
dose was being tailed off or very shortly afterwards. 
In the next form of treatment, called maintenance 
treatment, steroid therapy has been maintained at a 
slowly decreasing level for much longer periods. 
There is much difference of opinion as to the ideal 
In the D of the main- 





i u this. 
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similar to that in the long-term, by which time there 
is usually no albuminuria and the plasma proteins 
are approaching normal while the cholesterol is 
falling. The dose is then cautiously reduced by 
10 to 15% every week at first and later every fort- 
night. This slow reduction is continued as long as 
there is no albuminuria. Usually within two to 
three months the plasma proteins are chemically and 
electrophoretically normal and the cholesterol also 
has returned to a normal level. If these values are 
slow in returning to normal the therapy is continued 
for a longer period and the intervals between 
reductions are increased. If albuminuria returns 
during the period of reduction, the dose of steroid 
is increased until it disappears again. Reduction is 
then carried out more slowly. 

In a few cases the intermittent high dosage treat- 
ment was used, 400 mg. cortisone three days in 
succession, followed by four days without steroid. 

In assessing the final outcome, the cases have been 
divided into two groups, those who have received 
steroids and those who have not. The results are 
given in Table 9. The results in this Table are 


TABKE 9 
RESULTS OF TREATMENT WITH STEROIDS 





_ No Steroids | Steroids 
mo) | (%) | oy | (%) 
Total cases .. Si ia] 62 | 4 | 
S O nnn trent m ERER —_ dasha 
Inactive .. Se < 33 | 33, 16 {| 40 
Latent... +32 S| 8 | 4 i W 
Active... - za] 4 Te - 4 3 
2 | 18 |; 43 


Dead “ee cs al 20 5 3 





somewhat unexpected. It appears that the results 
from steroid treatment are definitely inferior to those 
when no steroids are given. One possible explana- 
tion for this is the inclusion in the steroid group of 
cases carried over from the previous group which 
were already doomed to failure. 

Table 10 is an analysis of the deaths in the two 
groups. Uraemia accounted for more than half the 
deaths but, whereas 10 cases of uraemic death 


Tage 10 
CAUSES OF DEATH 





1917-1938 | 








l 1945-1957 

7 | | 2 | No Steroids | | Steroids 
Uraemia .. 4 oi O] 10 
Heart failure sa i f 5 
Infections .. 10 3 2 
Cystinosis — 2 = 
Pulmonary embolism a ce 2 
Electrolyte imbalance 3 = vee 
Treatment . 5 3 ! 4 
Not known H 2 yee 
Ta Total .. ww, 23 20 83| B 
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7 No steroids (62cases) 
6 === Uraemic deaths (10) 
5 Total 20 

e 

2 4 

S 

4 3 

O 2 

Z 


0-5/2 - |- 3-3. ri hee a 
YEARS 


occurred out of 62 non-steroid cases, the same 
number occurred in only 40 cases given steroids 
(Fig. 2). Although this suggests a slight increase in 
uraemic death, it is hardly sufficient to account for 
the difference in the two groups. A more detailed 
analysis of the effects of steroid treatment based on 
individual treatments using the same criteria as in 
Table 8 is shown in Table 11. In this Table are 
included cases treated in 1957-58 which were not 
included in the 102 cases under survey, This Table 
brings out the difference in ultimate results between 
the short, long and maintenance types of treatment, 
and largely explains the apparent eeHwiy of 
steroids shown in Table 9. 


TABLE ÍI 
RESULTS OF TREATMENT WITH STEROIDS 



































1951-37 1957-58 
| Short | | Long. Main- “Short | (Long Main- | No 
| | | tenance | | tenence ‘Treatment 
Š TER as cna ORERE EAO SO ESA PEP E 
Total | | l | | ! | 
treat~ | 
ments | 35 | 36 6 | 3 | 8 4 E. 
Inactive 0 10 6 0 2) 4 i 
Latent 10 B 0 0 0 0 
Active D 21,13; © |; 3 | 64 0 
‘Cure’ % O |28| 100 | 0 |25 100 | 





The numbers treated on maintenance are not 
significant and the 100% cure reached is certainly 
accidental and is partly due to the fact that only 
cases whose treatment had been completed were 
included in this Table. In order to appreciate more 
fully the effect of steroid treatment a study of 
Table 8 (individual treatments, non-steroid) is 
necessary. It is apparent from this that no indi- 
vidual treatment produces as good results as simple 
dietary measures alone, or even no treatment at all. 
It is against this background of spontaneous remis- 
sion that the results of steroid treatment should be 
assessed. 
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Total 8 


NO. OF CASES 


oe 3° 4- - EPE 
YEARS 


Fio. 2.—-Histogram showing duration to death in 38 cases (1945-57 series). 
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In Table 12A the length of time elapsed between 
onset of disease and cure, in the steroid dnd non- 
steroid cases, is compared, and it will be seen that 
steroid treatment definitely produces more rapid , 
cure. 

In Table 12B the time relationship between onset « 
and. death shows that in the fatal cases there is no I 
material difference. 

Tables 12C and D show the ultimate result and 
the interval of time between onset of disease and the 
start of steroid therapy. There is no suggestion in 
these Tables that better results are obtained when 
steroid therapy is started early. 






























































TABLE 12 
| si ; 
À i Time between Onset and Cure i ? 
<6 | 612} 12 | 25  >5 | Total 
mth, | mth, | yn | yr | ye | 
SRE PSEREN AAACN, newest el Coe Met on canoe 
i (ne, {no.) | ine.) ino.) moj | 
No steroid | > 4 i 4 13 7 3 B 
Steroid 2 i Z | 3 | 9 ~—— | 16 
See reer ee pene Oger ee aay ea ea ai Soe 
B Time between Onset and Death 
| <6 | 612 | 12 | 25 >5 — Total 
mth. — mth. | y | Yt, yr ? 
No steroid! 3 >) 6 | 8) 4. a20 
Steroid I © ft | 6 | 9 l 18 
i Í } 
c | Time mon Start of Steroid Therapy to > Cure | 
| <6 | 6-12 1-2 25  >5 Total 
l mth, | mih. | yr i yr o N: 
a a a ee i aS 
| | ; 
Sapna cE PP POSES AAT ended Ar ADANAN POE NOAA DIPONA SAGE AASIAAN AAAA ANENA ir tttenn afore tie > andatlsasevaecnastestoens onde ame be in ae 
D i Interval between Onset of Disease and | 
i Steroid Therapy 
as — Total 
| <6 | G@I2 | 42 | 25 | >5 
| mth. | mth. | oye | w | ye 
Cure. l s a ge ae 6 
Death 9 | 3 4 2 18 
Latent or i l 
active 2o 4 i l 2 6 











“: -deaths can be attributed directly to treatment. 
“not quite so obvious in the period 1945-57 but a 
-- suspicion by one of us (A. M.) that mersalyl was a 
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In analysing the causes of death the hazards of 
treatment have to be considered. In the period 
1917-38 it will be observed that a fair number of 
It is 


dangerous treatment has been confirmed. The 


-results in 12 cases treated with mersalyl are: inactive 
~ (1), latent (1), dead (10). 
=> suggest that mersalyl in itself is dangerous. 


These results strongly 
i$ That it 
= was used merely as a last resort was not found to be 
- the case on examining the notes, since in most cases 
it was given in the first 12 months from the onset 
of disease. 

“It must be realized that steroid treatment is 
potentially dangerous and the group of cases we 
have treated shows the following results: 





* Died of overwhelming infection 
Sudden cardiac failure and waka on the fourth 1 day c of 
cortisone treatment 


> Decalcification of vertebrae g i i 


Acute cerebral crisis with unconsciousness and fits Q? cere- 
a bral oedema), with ultimate recovery 

Adrenal crisis, low pineg Pres low serum sodium and 
collapse... : act 2 





Thus, of the 18 steroid deaths, two can be attribu- 
ted to steroid therapy, and both the cases of adrenal 
crisis could quite well have been fatal if they had not 
fortunately occurred while in hospital. 


Discussion 

The literature on nephrosis threatens to become 
unmanageable. This paper is essentially concerned 
with a presentation of facts as ascertained from a 
study of the disorder in childhood in hospital 
records for over 40 years. It is not proposed to 
discuss the pathology or pathogenesis. The defini- 
tions already set out indicate what sort of disease 
process is being considered. The results of treat- 
ment, with special reference to those obtained by the 
use of steroids, can usefully be compared with those 
presented by MeCrory and Fleisher (1958), Metcoff 
(1958) and Riley and Scaglioni (1959). A useful 
historical survey was given by Mann (1958) on the 
occasion of the Bright centenary celebrations. 

If the assumptions made in the section which 
considers the 1917-38 series are accepted as correct, 
then about half the patients are dead. In the 1945- 
57 series as a whole about half are either dead or in 
an active or latent phase. Some of those classified 
in the last two categories at the time of assessment 
may by now have moved or will move into the 
inactive group, so that broadly speaking these 
results probably show a slight improvement over 
the.results of 1917-38, but certainly not as great an 
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improvement as might have been expected with the 
better control of infection and, in the later cases, an 
active agent to attack what is probably the funda- 
mental lesion which leads to the proteinuria. Again, 
if the 1945-57 group is broken down into those who 
did not receive steroids and those who did, there is 
no dramatic improvement with the new drugs, at any 
rate in the early years before the best method of 
using steroids was worked out. Indeed, taking the 
overall figures as shown in Table 9, there is a 45% 
mortality rate in the steroid-treated cases compared 
with only 32° in those not receiving steroids, with 
15°% in each group still classified as latent or active. 

A review of the causes of death in each of the. 
three periods shows that 17° died of uraemia in the 
pre-antibiotic era, the remainder dying from causes 
such as infections, which now would be regarded as 
curable. Since the introduction of antibiotics the 
cause of death has changed and is now uraemia in 

over 50°% of cases (Table 10). 

However deaths which would have been theoreti- 
cally preventable still occur and in the final analysis 
uraemia and heart failure seem to be the expected 
causes of death in nephrotic children. A small 
unknown proportion of these uraemic deaths will be 
due to unavoidable errors in initial diagnosis, such 
as in those cases shown in Table 7, which were 
retrospectively rediagnosed. Until more certain 
means of diagnosis are utilized (such as renal 
biopsy), this error will prevent an accurate prognosis, 
and therefore a proper evaluation of treatment, 
being made. From studies already published 
(Vernier, Farquhar, Brunson and Good, 1958) it is 
likely that in the majority of cases the correct 
diagnosis can be made in the early stages of the 
disease. Thus, a death rate from uraemia and heart 
failure of 23 °% of all recent cases (and it will become 
higher, since many of the still active cases are 
already uraemic) indicates that a proportion of ‘pure 
nephrotic’ children will die of uraemia. A small 
proportion will still die of intercurrent accidents, 
preventable or not; the remainder, if they can be 
kept alive, should recover. It is impossible to 
assess this figure accurately, but it is over 50% and 
probably about 60-70°, as judged by the non- 
uraemic causes of death. Any treatment must have 
a ‘cure’ rate of about 80-90 °% before it can be regar- 
ded as of real value. Table 12 shows that the 
majority of deaths occur within the first five years 
of the disease, so it should be possible to determine 
if a given treatment has successfully prevented the 
development of uraemia when enough cases have 
been treated for over five years. At the present 
moment the evidence is only sufficient to indicate a 
promising trend. 
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In considering the value of many of the remedies 
used, the aim of the treatment at the time must be 
borne in mind. Until quite recently the physician’s 
primary aim was the cure of the oedema, with the 
hope that in due course the remaining pathological 
changes would cure themselves. With such an 
imperfect criterion of cure it is not surprising that 
relapses were many and frequent. Thus, when 
examining Table 8, all the latent results would have 
been called cures. Even with this proviso, it will be 
seen that the more common methods of therapy 
were quite ineffective when compared with the basic 
treatment (low-salt, raised-protein diet). In a small 
series of eight cases treated with measles and two 
with malaria, seven reached the latent stage, but only 
one became inactive without further relapses. 

Since the oedema most frequently causes the 
patient to consult a doctor, its disappearance must 
have a good effect on the outlook of the child and his 
parents, although there is no direct evidence that 
removing oedema improves the prognosis. Thus it 
is reasonable to take non-specific measures which 
will help in its removal, providing that they are 
harmless. For example, urea, resins, water and 
occasionally non-mercurial diuretics are useful. For 
the same reason a low-salt diet is given. 

Oedema, if severe, can be very distressing and can 
even endanger life. In these cases acupuncture of 
the dependant legs and abdominal paracentesis, 
both under antibiotic cover, have been used and 
occasionally a complete remission has followed. 

Steroid treatment has undoubledly made a big 
change in the method of treating nephrosis. In the 
early days, when removal of oedema was the 
therapeutic aim, short eight to 10 day treatments 
were used with an initial gratifying effect but, as 
with previous methods, relapses occurred, which 
were more resistant to further treatment with 
steroids. The aim of treatment was altered to 
complete reversal of all pathological changes. Much 
longer terms of treatment were used and the results 
began to be more encouraging. While, as yet, no 
uniform method has been arrived at, the general 
principle is to give adequate dosage of a steroid 
preparation, the equivalent of 240 to 300 mg. 
cortisone daily. It does not appear to make much 
difference which of the new, less sodium-retaining 
steroids is used. Treatment is continued for six to 
12 months according to the plan for reduction 
already mentioned. Clinically it seems that it 
needs many months to reverse completely the 
pathological changes in the glomerular basement 
membrane, if indeed this can be done. Since it is 
probable that some 20-30% of untreated patients 
will progress to irreversible renal damage, the 
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essential fact to determine is whether in these cases 
it is possible to prevent this. 

As has been pointed out, this can only be done 
when sufficient time has elapsed for such changes to 
develop—at least five years. This delay in making 
a judgment of cure is necessary since steroid therapy 
can remove the nephrotic symptoms for a time in 
cases in which the diagnosis is known not to be 
simple nephrosis. Until an adequate period has 
elapsed it is possible only to say that the latest 
results are promising in that a high percentage are 
reaching the inactive stage. 

It has frequently been stated that liability to a 
return of nephrosis can never be eliminated. It is 
clear that clinical relapse is common if only the 
latent stage is reached. When the inactive stage is 
reached relapse is less frequent but may still occur. 
Many patients, whose nephrosis has been success- 


f 


fully treated with steroids, for some years tend to` 
get transient albuminuria during fairly mild inter- . 


current infections. 
relapse which may need a further course of steroids. 

This raises the fundamental question of the 
aetiology of nephrosis. Should the condition be 
regarded as an inborn liability of the kidney to a 
special type of pathological response to certain 
insults, or should the pathological response be 
regarded as due to a specific insult, such as is 
believed to occur in acute nephritis following 
infection with certain types of streptococci? If the 
former view is held, it is unlikely that any form of 
treatment will prevent recurrence of symptoms even 
many years later. In the second possibility, once 


In a few this proceeds to a full” 


a cure is complete, relapse would only occur with a | 


further specific insult. Such clinical evidence as 
exists suggests the former view as being possibly 
the more likely since occasionally relapses have 
recurred after many years of freedom from symptoms. 

To sum up, the natural course of nephrosis, if 
intercurrent infections are adequately dealt with, is 
for at least 50°, and probably nearer 60-70 °% of the 
patients to be cured, but there is also an inborn 
liability to relapse. There is in every series, based 
on clinical diagnosis alone, a small group with a 
different pathological basis and a bad prognosis. 
No treatment has yet been shown to improve the 
ultimate prognosis, although some treatments have 
worsened it. The most recent method of steroid 
therapy, 
hazards which must be balanced against the present 


while very promising, has undoubted | 


uncertainty that permanent improvement in prog- 


nosis will occur. 

Since delaying the start of steroid therapy does 
not seem to affect the ultimate result (Table 12D) 
and since a proportiqn of untreated cases remit 

































Noumea within a few months (Table 12A), 
_ delay of up to three months in starting steroid 
z therapy i is suggested to allow time to see if there are 
signs of spontaneous improvement. There is no 
 -evidence that any adjuvant treatment has a material 
- effect, apart from the need to give an adequate 
_ protein diet and to keep the salt content low when 
.. there is oedema, especially during steroid therapy. 
Complete bed rest, except when there is gross 
oedema, is not necessary. A change from prolonged 
bed rest to reasonable activity at The Hospital for 
Sick Children caused no worsening of the prognosis 
~-and.a decided improvement in the children’s morale. 
i _ Another advantage of permitting reasonable activity 

= 4s‘that the child can be sent home and attend school 
when desired while still on steroid or other therapy. 
It is difficult to assess the value of the routine use 
of antibiotics. Oral penicillin has been used in the 
- « present series ever since it became available, rein- 

~ forced by other antibiotics if an intercurrent infec- 
wiion occurred. This has been quite successful, and 
it has not been necessary to reduce steroid dosage 
because of infection. Prophylactic antibiotics or 
sulphonamides have been used to try to prevent 
intercurrent infections, but they have not been 
successful. 


Note on Congenital Nephrosis 


Three of the children in the 1945-57 series mani- 
fested the nephrotic syndrome at or within a few 
weeks of birth and all died. Two of these were 
siblings (boy anc girl} whose parents were first 
cousins and they have been reported elsewhere 
_ together with a third case (not in the Great Ormond 
Street series) whose parents were also cousins 
(Giles, 1957). Briefly, the post-mortem changes 
were mainly in the proximal tubules, and doubly 
refractile crystals were present. It is likely that the 
= whole condition was related to cystinosis. 

l The third child in the present series was the first 
child of unrelated parents who have since had a 
normal child. Her eyes were reported as swollen 
at birth and there was a sudden weight gain about 
the tenth day. Generalized oedema appeared at 
about the fourth month. She was given mersalyl at 
another hospital and later referred here because of 
a persistent urinary tract infection. Her condition 
satisfied the four criteria for nephrosis and no 
_improvement was achieved by the use of thyroid 
extract, blood transfusion, urea or decapsulation 
“of the kidneys. The kidneys at operation were pale 
and soft with no scarring. No biopsy was done. 
A year later on re-admission she had no oedema but 
>. the blood pressure was raised to 140 mm. Hg, the 
blood urea was 340 mg. % ang there was an albumin- 
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was treated with steroids and antibiotics. 


125 


uria of 650 mg.% She died at home at the age of 
24 years. No autopsy was performed. 

Another infant admitted to The Hospital for Sick 
Children in February, 1958, born after a normal 
pregnancy and delivery and weighing 54 1b., deve- 
loped generalized oedema on the third day of life. 
(He was the first child of the present marriage of 
unrelated parents; the mother had had two normal 
children by a former marriage.) The oedema 
subsided after two days and recurred at the age of 
four weeks, leading to admission under the care of a 
colleague (Dr. A. P. Norman). The infant satisfied 
the four criteria of nephrosis and electrophoresis 
showed a typical nephrotic pattern. Urinary 
amino-acid excretion was within normal range. He 
Very 
troublesome diarrhoea caused great difficulties in 
oral feeding and he died after a sudden collapse at 
the age of 34 months. Autopsy (Dr. M. Bodian) 
showed bilateral renal vein thrombosis of long 
standing with some extension into the inferior vena 
cava. The changes in the kidneys were those 
associated with nephrosis. 

These five cases illustrate various ways in which 
nephrosis may be caused very early in life. Poison- 
ing by mercury is another possible factor. The 
position briefly is that congenital nephrosis or 
neonatal nephrosis is likely to be due to mechanisms 
other than those causing the more usual type of 
nephrosis such as is dealt with in the present report. 


Summary and Conclusions 


A study of nephrosis as seen at The Hospital for 
Sick Children during the last 40 years has been 
made. The cases have been divided into three 
groups: (1) pre-antibiotic 1917-38; (2) antibiotic, 
and (3) steroid. The recovery rate in the first group 
was approximately 50°4 and much of the mortality 
was due to infection. In those survivors followed-up 
in this group there was no instance of relapse after 
the final hospitalization period. The recovery 
rate in the second group was 53%; and in the third 
40°, and in these last two groups the mortality from 
uraemia was very much higher. 

While the control of infection and of water balance 
has clearly improved the short-term prognosis, none 
of the other methods of treatment, including short- 
term steroid therapy, appears to have had any very 
striking effect on the mortality. 

Before there was any method of treatment which 
strikingly affected the basic sign of proteinuria and 
its associated biochemical disturbances, attention 
was focused on the control of infection and on the 
treatment of oedema. Experience has shown that 
the treatment of oedema per se is not particularly 
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important except when the oedema is so severe as to 


ARCHIVES OF DISEASE IN CHILDHOOD 


r 
(2) The maintenance of nutrition as far as e, 


be disabling in itself. 

The observation that steroids could bring about 
a complete biochemical remission in the large 
proportion of cases has switched attention from 
protective and palliative treatment to the idea of 
curative treatment. With the advent of steroid 
therapy therefore the aim has become the complete 
reversal of all the pathological changes. 

The results of various types of therapy have been 
compared. Until the technique of prolonged (six-12 
months) steroid therapy was introduced, no specific 
therapy appears to have shown any advantage over 
simple basic dietary therapy and the control of 
infection with antibiotics. 


Results in a small number of cases in whom long 


continued cortisone therapy has been given suggest, 
however, that permanent remissions may be obtained 
by this means, and raise the hope that the suppres- 
sion of the biochemical disease in this way may 
reduce the incidence of that secondary nitrogen 
retention and hypertension which have become the 
major cause of mortality in recent years, 

There is a high natural tendency to recovery. If 
all avoidable intercurrent incidents are excluded the 
natural remission rate is between 60 and 70%. Ina 
reasonable proportion of cases of nephrosis spon- 
taneous remission occurs within the first few months 
of the disease. As there is no evidence in this series 
that early treatment gives a better prognosis than 
that obtained when steroid treatment is delayed for 
some months from the onset of the disease, and since 
there are undoubted hazards from the use of steroids, 
it is suggested that steroid treatment of a new case 
should be delayed for a month or so to exclude the 
possibility of an early natural remission. 

In our view the present aims of treatment should 
be as follows: 

(1) The control of infection with antibiotics 


sible with a moderately high protein intake 

(3) The partial control of oedema with a low- 

sodium (but not a sodium-free) diet 

(4) Long-term treatment with steroids in variable 

dosage sufficient to maintain urinary protein 
excretion at the lowest possible level. 

By these methods it should be possible to maintain 
affected children in as good health as possible 
during the active phase of the disease, and to keep 
them out of hospital for most of the time, thus 
interfering with their lives as little as possible. 

The success of long-term steroid therapy must be 
judged by the extent to which it reduces the incidence 
of renal failure, which has become the major catise 
of mortality. 

Five fatal cases of congenital nephrosis are 
reported, with varying underlying pathologies. 

Thanks are cordially expressed to colleagues on the . 
staff of The Hospital for Sick Children, Great Ormon 
Street, for permission to include the records of their | 
patients and in some instances to follow up the course `’ 
of the disease: also to the Department of Medical 
Illustration for the histograms, and to secretarial staff 
for much patient typing and re-typing of drafts. The 
investigations recorded were undertaken under the 
auspices of the Research Committee of The Hospital 
for Sick Children. 
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n - The problem of accidents in the home has recently 
-- feceived much publicity and the Government has 
-called for special efforts in dealing with it. Attention 
-is being directed mainly to traumatic causes such as 


À falls, burns and sealds. 


_ which refers to poisons in general. 


+ 


Bere due to these causes. 


Of the 900 deaths annually 

due to domestic accidents in children aged less than 
'15 years in England and Wales, the vast majority 
During the past decade, 
l owever, between 16 and 47 (average 32) every year 
have been due to accidental poisoning and relatively 
little interest has been shown in this group. Until 
more is known of the epidemiology of these accidents 
the problem of prevention cannot be faced. 

Paucity of information on the subject is probably 
due to several factors. The very wide selection of 
potentially poisonous substances taken by children 
makes generalization of their effects and sources very 
difficult. Many poisoning accidents produce no 
clinical effects (other than parental anxiety) and as a 
result are not investigated. The fatality rate is very 
low and does not reveal the extent of the problem. 

It is difficult to estimate how many poisoning 
accidents there are in this country each year. 
Although there are many papers dealing with small 
or selected series (Holzel and James, 1951; Spencer, 
1951: Craig, 1953) or describing single cases (Kirby, 
1955: Hurdle and Lane, 1956; Greenberg, 1957) 
there is only one large series (Craig and Fraser, 1953) 
The fatality rate 
in this was two in 502 cases. The series described 
below includes one death in 275 cases. These two 
series combined show a fatality rate of 0-4% but 
times, places and possibly case selection differ. Several 
large series in the U.S.A. (Jacobziner, 1956; Mellins, 
Christian and Bundesen, 1956; Dobson, Daeschner, 
Mondshine, Teng, Preble and Knudsen, 1957; 
Jacobziner and Raybin, 1957; Schroeder, 1957) 
totalled 14 deaths in about 3,100 children, a fatality 
rate of 0:45% 

It seems likely, therefore, that for every death, 


about 250 children are admitted to hospital for 


observation or treatment of poisoning. This 





suggests a total of 7,000 or more such accidents in 
this country each year. Poisoning thus plays a 
considerable part in childhood morbidity. Some of 
the factors in its aetiology are considered below. 


Material 


The case histories were examined of all children 
aged less than 16 years who were brought to Hilling- 
don Hospital because of poisoning or suspected 
poisoning between January, 1946 and March, 1958. 
The total number was 292. Seventeen were dis- 
carded as being irrelevant to this study of accidental 
poisoning by ingestion because they referred to coal 
gas poisoning (8), poisons deliberately taken or given 
(8) and poison absorbed from a raw skin surface (1). 
Of the remaining 275 children, 218 were admitted to 
the wards; the other 57 were treated in the casualty 
department. No child figured in more than one 
accident. 

There were 156 boys and 119 girls. The average 
age of the boys was 2 years 10-8 months, that of the 
girls 2 years 8-2 months, and of the whole series 
2 years 9-5 months. The age distribution is shown 
in Table |. There was no appreciable difference in 


TABLE | 


DISTRIBUTION OF POISONING CASES BY SEX AND 
AGE, JANUARY, 1946-MARCH, 1958 








Age (yr.) | Male Female | Total 
{no.) (ne.) i {(no.) 

o-i 5 4 9 

1-14 15 10 25 

14-2 37 31 68 

2-24 32 26 58 

oy ie 19 14 33 

3-4 21 14 | 35 

4-5 it 10 | 21 

5.10 13 10 i 23 

10-16 3 0 3 

~ Total T is C~«~S 119 | “275 

the age distribution between the sexes. The most 


susceptible age was between 14 and 24 years, this 
group including 46% of the total. 
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Incidence 


The distribution of the children throughout the 
period is shown in Table 2. 


TABLE 2 
NUMBER OF CHILDREN ACCIDENTALLY POISONED, 
1946-1957 









Year | Number Year Number 
1946 8 1952 21 
1947 7 1953 28 
1948 16 19584 } 25 
1949 | 16 1955 i 46 
1950 i6 1956 | i 
1951 i3 1957 i 32 

| f Jan.-Mar. {958 | 





The population which the hospital serves has 
increased only slightly during the period under 
review. Except at the periphery of the area there 
has been no alternative hospital for such cases. The 
annual numbers are therefore approximately com- 
parable and show the great increase in accidental 
poisoning as noted in Edinburgh and Aberdeen by 
Craig and Fraser (1953) during the past decade. 
The peak incidence during this period was in 1955 
(see Fig. 1). It is too early yet to determine what 
the trend over the next few years will be. 

Seasonal variation in the incidence of accidental 
poisoning has been noted in the U.S.A. (Jlacobziner, 
1956) where 60% of cases occurred in the first half 
ofthe year. In the present series a marked variation 
occurred fairly consistently throughout the period. 
The pattern however was different. Only 40% 
occurred in the first six months of the year. More 
striking was the fact that 57° occurred during the 
five summer months of May to September (Table 3). 
This excess in the summer months was not due 
wholly to the ingestion of seeds, berries and plants, 
for, of 24 cases of this type of poisoning, 16 occurred 
inthe summer and eight in the winter. It seemed 
~ partly related to the longer daylight hours (see below) 
though the greater wandering about the house which 
summer warmth permits may have been contribu- 
tory. 
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=æ Numbers seen annually 


40 b ™ Three year silding mean 


NUMBER OF CHILOREN 


52 
Fic. 1. -Annual numbers of children seen at Hillingdon. Hospital 
because of accidental poisoning, 1946-57 


1946 or 


Poisoning accidents occurred at nearly all hours 
of the day and night. Table 4 shows that the great 
majority (70°) occurred between 11 a.m. and 7 p.m. 
Separation of the accidents into summer and winter 
incidences indicated that there was an excess of 
accidents between 5 and 7 p.m. during the summer 
months (Fig. 2). It may be that this summer evening 
excess can be ascribed to the fact that small children 
are active for much longer hours in the summer and ` 
are likely therefore to be tired and less easily 
controlled in the evening. 


Substances Swallowed 
The substances swallowed by the children are 
listed in Table 5. The total of 285 is accounted for 
by the fact that one child took three substances and 
eight took two each. | | 


TABLE 3 
NUMBER OF POISONING CASES BY MONTH IN THREE-YEAR PERIODS, 1946-1957 









































| | | | ae ) 
Period | Jan | Feb, | Mar Apr, May | June July | Aug. | Sept. = Oct. Now. | Dec. 
‘i e ORT rn i Lial N KEPET SENEE EE i NS, i (reorient oom 
1946-48 | 2 | } | 3 F a 4 a i oe, e ee ae ee ee 
1949-5 2 0 BR a a es ee re ee re a ee om ae 
1952-54 | F | 4 | 3 | 4) 8 8 | 8 4 2 & T | 8 | a 
1955-57 | 6 ; 3 | 6 | 4 | 8 | 16 ee ee 8&8 | 7 | &@ 
Tol u u a nR s (a | 37 |a | 20 
$ i ; A i i 
Total for May-Sept. = 152 
Total for Oct.-Apr. <1f15 , 
me: 












-. is not seen in this series. 
_ of 1955, each year has seen an approximately similar 


’ Corrected Rate* 
Winter | Summer | 


kranai ineine errr | Manmanman a aana Sinanin na esi aaneren en 








laeren: 








-Fl-noon 2i 


The list is essentially similar to that of Craig and 
Fraser (1953), though the proportions of the groups 


-of poisons differ slightly. Table 6 and Fig. 3 show 
Mhe change in the incidence of the various groups 


throughout the period. Here several differences 
become apparent. 


FS bmw Tota number of accidents 
ih each hour 
mm Corrected Summer incidence 


ov Corrected Winter incidence 


NUMBER OF ACCIDENTS 


12md 


Fig. 2.-—Distribution of poisoning accidents throughout day 


The great disparity between the increases of 
accidental poisoning by medicaments and by house- 
hold materials, clearly shown in the Scottish series, 
3 In fact, with the exception 








‘ise in both groups. 
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Winter 
















6-00 
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ee TABLE 4 
NUMBER OF POISONING ACCIDENTS BY HOUR OF DAY, SUMMER AND WINTER, AND HOURLY INCIDENCE, SUMMER 
sete | AND WINTER (1946-1957) 














Number Corrected Rate* 

Time Jt eran pomme : a naan nem etree fate 
| ‘Total | Summer | Winter | Summer | Winter 
noon I8 6 RH | 103 
i 16 5 ; i 60 | 9-5 
2 12 8 : 4 oe a 3-4 
a 33 18 15 = 2b4 — 12-9 
4 23 14 i it 167 9-3 
3~ 7 | 14 i 3 be i67 4} 2°6 
6- 22 14 8 i67 6:9 
7- 13 7 6 84 | 5-2 
8- 7 | 3 4 36 | 3+4 
9. 5 3 2 36 | 1-7 
10-- 2 l 1 L2 4 0-9 

H- | 


midnight 


TOE. l Number of accidents with time not recorded = 42 
o. * Sammer (May-Sept., 152 days) and winter (Oct.-Apr., 243 days) numbers have been corrected to represent an hourly incidence per half total 
“period under review 


Within the medicament group several trends are 
apparent. The frequency of aspirin poisoning has 
been much enhanced since 1952 by baby type 
aspirin. Since that year 19 children have been 
admitted after taking an average of 30 grains of this 
type of aspirin. Hyoseine, in the form of anti- 
motion sickness tablets, has, 
since about the same time, 
joined the commonest sub- 
stances taken. In this area 
ferrous sulphate is much less 
often a source of poisoning 
than in the North. Poison- 
ing with the anti-histamines 
is also rare. Table 7 illus- 
trates these points. The 
suggestion that coloured 
tablets may be more attrac- 
tive than white ones gains 
some support from this 
series. Of the 114 tablets 
listed, 65 were coloured, 45 
were grey or white and in 
four the colour was not 
known. In the absence of 
information on the relative 
numbers of each available, 
however, no firm conclusion 
can be drawn as to why this 
was so. The only fatality in 
this series occurred in the 
following circumstances. 

P.B., a boy aged 22 months, was admitted at about 
lla.m. He had been found one and three-quarter hours 
previously sucking some white tablets, at that time 
unidentified, which were kept in an unlocked medicine 
chest. On admission he was deeply cyanotic, uncon- 
scious and convulsing. Death occurred 40 minutes later. 
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The tablets were later found to contain iron and 
strychnine. 





TABLE 5 «s= Medicaments . 
ANALYSIS OF SUBSTANCES TAKEN awe Household substances 
Substance | Number 
(A) Medicaments for internal use... se Ls EJ 

Aspirin of various psa si cs ba ah ‘ 
Barbiturates ais ah y si : S i6 
Laxatives .. seg s ; zi i4 
Ferrous sulphate, hyoscine : ‘of each 9 
Antihistamines, amphetamine, codeine, vitamin B 

preparations .. ; of each | 4 
Anti-convulsants, ephedrine, hypotensives. iron and | 

strychnine, sulphonamides .. : ofeach | 2 


Aconite tablets, digitalis, Dover's tablets. ephedrine | 
and opium mixture, Eumydrin, linctus scillae, | 
phenol mixture, Phosphorine, morphia and atro- | 


NUMBER OF CASES 














pine tablets, stilboestrol, trinitrin . . ofeach | i 
Unidentified tablets a ae 2 
{B) Medicaments endea for external use only os l G7) 
Camphorated oil ; , a 6 
Surgical spirit, liniments ‘of each | 4 
Jodine, eye or ear drops, potassium ‘permanganate ' 
crystals, antiseptics .. : ie ef each | 3 
Salicvlic acid solution . al 2 
Calamine, eucalyptus oil, flavine, formalin, “Selsun, | 
Stovarsol, T.C.P., tincture sd arnica, contracep- | 
tive jelly ; i ofeach 
(C) Household materials és a as as „| (98) 
EET = os = us oad i 
leaning agents .. D ss me i wal aan, a ' 
Bleaching agents .. Ge a5. oes zs mE 14 1946 Je 57 
Polishes .. a ss Rae Ls ae er 7 Gs, sos Swale Pies a . 
Turpentine .. ie T x - 4 13 Fic. 3.—-Annual incidence of poisoning accidents due to medicaments 
Paraffin i gi - ae oe E 8 and household substances, 1946-57 
Petrol, paint ‘of each | 3 
Hair shampoo, nicotine ‘solation, soldering fluid, | 
crayons of each 2 TABLE 7 
Brasso, camphor ball, EA T | NUMBER OF ACCIDENTS DUE TO CERTAIN DRUGS, BY 
heads, hydrochloric acid, paint remover, photo- ; THREE-YEAR PERIODS, 1946-1957 
graphic developer, phosphorus rat poison, soda, : E ear CR ER a ON 
D) va P TiO DON PEE ive wich sica an Substance | 1946-48 | 1949-51 1982-54 | 1955-57 
Deadly nightshade berries E $ os ea eS p Syn ae j et E ‘eae re eae 
Woody nightshade berries Ka s east 2 Aspirin* ` ' -l 3 i I 4 i 10 
Laburnum seeds or pods 3 ti by type aspirin . “| : A ! P 
Other seeds or berries .. Ses a - sar Oe fax sia f 3 : 5 3 ! 4° 
(E) Unieotibed or waresorde’ i O o O |B | OE) gE 
Total... sre 0 i285) Hyoscine .. =... 0O |; 1L |ù 4 f 4 
* Including preparations witk codeine 
Source of Poisons Room Concerned. The places in which poisons 


Detailed information was sought from the parents were obtained are listed in Table 8. In only 12 
of the last 150 children seen (i.e. all those seen after incidents was the poison obtained from a room other 
January, 1954) as to how and where the poisons were than that where it was normally kept. Comparison 
obtained. In about half these cases the enquiry was with two similar surveys made in the U.S.A. (Jacob- 
retrospective. Nine could not be traced and eight ziner and Raybin, 1956; Mellins et al., 1956) shows 
did not reply. There were five accidents each that in this area comparatively fewer dangerous sub- 
involving two children; these have been counted as stances were obtained from bedrooms and kitchen, 
single incidents. but more from the living rooms. 


TABLE 6 
ANNUAL INCIDENCE BY POISON GROUP 


SP STEP PORIRUA EE TR PTA PEA PP PPT PT TET Pe RRA POPES ESE TR TET DOTTIE TIED SO AT TL TITLE DONT ITED TST NIN NIE AT I NTT TA 











| i í l | | | w p _ | 
Substance | 1946 | 1947 1948 | 1949 | 1950 | 1951 | 1952 1953 1954 | 1955 | 1956 | 1957 
Tablets... o3 | 3 | 6 | 5 | es ae ae ae ae ee 13 | 2 | 44 18 
All other medicaments 4 0 O | 1i 3B 4] 2, 4 3] | 2 | 3 | l 
All medicaments . a a ee oe E o s go oea e, a $ eoar | 22.79 
Household materials .. 2 2 6 | 4 ; 4 | 4 | 9 | | S AS 6 | 12 
Vegetable substances. .) 0 | 1 | 2 | 4 | 4 | i | Lt 4 | e | 3. 2 | 2 
i i i i i i : 
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ON TABLE 8 
LOCATION OF POISONS 








= Place | Number 
ten .. Ry eran gw td ee Coe 88 9G 6284) 
ng and dining rooms - P * Ds. 
room 2 A 
oa | 8 (5.5%) 
heds, garages, greenhouses § CERDA, 
mpty rooms Caravans, etc | 8 Ei 7 ar) 
den j OSs) 
known or not recorded : 14 (9-674 


: site within Room. Within rooms there was con- 
siderable variation both as to where the poison was 
kept and where it was actually found (Table 9). 


s TABLE 9 


"NUMBER OF POISONS TAKEN BY SITE OF STORAGE AND 
SITE WHERE FOUND 





N 








I 
Drugs Household 
à | | Material 
| Normal- | Normal- 
dy Stored, Found lly pres Found 

On tables, Ten sideboards 6 | 17 | 5 ; H 
Open shelves .. 8 6 i6 7 
Sills, Bane shelves, draining i f 

boards - 4 2 a ae a er 
Other open: places ze Bal 0 4 Ò > 10 
in cupboards.. © 49 H 19 i 8 
fn bathroom er medicine ca bi- | 

nets f a B a ł f 

Tn drawers . 10 9 | 0 0 
No fixed place : 4 oe 0 e 
Not normally kept in house- ; 

hoig pà Í ; pn 1 8 wenn 
Information not available oI o TSS 7 4 
The same as where stored .. O35 4 c2 
Different place ewe ae ; 27 3 | 29 


Not known |. ot | | «44 | 6 





Excluded from this Table are (a) the vegetable group (7}; (6) drugs 
given inerror by parents from column pro Found’ (6); (c) substances 
the sources of which remain unknown (3). 


Clearly, one important factor in the aetiology of 
accidental poisoning is the frequency with which 
drugs and household materials are left easily acces- 
sible. Though there was a tendency to leave drugs 
in open positions temporarily rather than perman- 
-ently, some strange places of storage came to light. 
„Atin box on top of the television set, a dressing-gown 
Pocket and a low, unlocked, glass-fronted cabinet 
~ were all used as medicine stores. In 11 of the 35 
-instances when a medicament was found in its normal 
place, there were other, sometimes more dangerous, 
substances present. 

It is frequently stated that medicines kept under 
lock and key are safe from children. Of the 82 
incidents involving medicaments, however, this good 
habit had been invalidated in 14 by various factors. 
Thus, two locked cupboards were opened, not by the 
- children who took the medicaments, but by elder 
siblings who had found the keys. In one incident a 
drawer ‘always kept locked’ was for once left open, 
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and in four more the medicament was inadvertently 
‘left out’. Such situations may be ascribed to care- 
lessness but the following are less easy to condemn. 
On three occasions drugs just bought were put 
temporarily with other contents of the shopping 
basket on the kitchen table before being locked up, 
only to be found within a few minutes by curious 
toddiers. Finally, four enterprising opportunists, 
aged from 11 months to 2 years, grabbed tablets 
within a few seconds of their being taken out for 
administration to others. 

Height alone seemed torbe of little protective value. 
Fourteen children obtained poisons from shelves or 
cupboards more than 5 ft. from the ground. No less 
than 40 are recorded as having climbed to reach the 
poison. Their average age of 24 years is slightly less 
than that of the group as a whole, but boys out- 
numbered girls by three to one. Three of these 
children were aged less than 18 months. Perhaps 
the most ingenious climb was that of R.B. in 
Example 1. 

ExamPLE 1. R.B., aged 1 year 9 months, climbed up 
the ill-fitting and partly opened drawers of a dresser in a 
garden shed. Clinging on to the handles, he reached a 
bottle of soldering fluid on a shelf 6 ft. above ground. 


Some of the value of relative inaccessibility is 
reduced when parents call medicinal tablets ‘sweets’ 
as an inducement to toddlers to accept them. The 
following examples illustrate some of the above 
factors: 

EXAMPLE 2. S.C., aged 3 years, left his bed at 10 p.m., 
went into the kitchen, climbed with the help of a chair on 
to the dresser and opened a high wall cupboard. Ignoring 
seven other medicaments and disinfectants, he took a 
substantial amount of flavoured and coloured aspirin 
tablets. The mother had earlier in the day given him 
two of these ‘sweeties’ to help his cold. At the time of 
this incident both parents heard him but each assumed, 
being in different rooms, that it was the other who was 
opening the cupboard. 

EXAMPLE 3. S.H., aged 14 years, was given approxi- 
mately 60 gr. of ferrous sulphate by her brother, aged 
3 years, about 11.30 a.m. He brought a chair from the 
living room into the kitchen so that he could climb on to 
the dresser, having first found the key to unlock the top 
cupboard where mother kept her ‘green sweets’. 


Container. The variety of container from which 
the substances were taken was fairly restricted and is 
shown in Tables 10 and 11. 

The pattern is similar to that reported by Mellins 
et al. (1956). On only 11 occasions had the sub- 
stance been transferred from its original container to 
one less suitable. The proportion (7%) is much 

3A 
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TABLE 10 
TYPES OF CONTAINER FROM WHICH POISONS WERE 
TAKEN 








Container, | Number 
Bottle .. ai es ad - Je oe io 83 
Plastic or glass tube .. zé ses os is se] 4 
Tin pa pé na s: i6 
Cardboard box a 25 
Cup or open can E 4 
Envelope me -i 2 
No container .. : ts ae Bi i ael 6 
Not known .. = er Sx Kp 5% a: 12 
1 
TABLE I1 


TYPES OF CLOSURE OF CONTAINERS LISTED IN TABLE 10 





Closure Number 
Screw cap... be A P a W -| 67 
Cork .. as es her My a st sat 20 
Plastic bung .. UH i R ae = ra 2 
Fit-over tin lid ey 7 ni E ee dt 4 
Fit-in tin lid .. es ru sd T sig A 3 
No closure .. ne = and ie i sad 10 





Cardboard boxes, containers not designed to have lids and instances 
where there was cither no container or where its nature was unknown 
have been excluded. 


smaller than those recorded by Mellins et al. (1956) 
and Jacobziner and Raybin (1956), 40% and 30% 
respectively. Of these 11, eight involved paraffin or 
turpentine. It seemed significant that, of the nine 
bottles or jars without a lid, six contained one of 
these two substances. As paraffin or turpentine 
figured in a total of 14 incidents, it appeared that 
unusually casual handling of them was to some 
extent responsible for these accidents. This obser- 
vation apart, study of the containers revealed little of 
importance. All the common types were repre- 
sented. Frequently they are most unsafe. Danger- 
ous drugs are supplied in envelopes or flimsy boxes; 
glass bottles are easily broken, especially when small 
hands reach high up to grip them; corks can be 
pulled out by toddlers’ teeth when their fingers are 
not strong enough. 

As might be expected, labelling was of little direct 
importance in the majority of poisoning accidents in 
young children. In the 14 incidents involving 
children over the age of 5 years, in only two was the 
substance labelled. In one instance the child was 
misied by the wrong label. Adequate labelling, 
however, ought to warn parents to take care in the 
storage of harmful substances, yet no less than 27 
substances clearly labelled as dangerous were left 
easily accessible. 


EXAMPLE 4. J.H., aged 2 years, took a plastic tube 
full of hyoscine tablets from a dressing table drawer which 
was never locked. Asked if the tube was labelled, father 
replied “Yes, but it’s of no consequence at his age’; yet 
the label stated “Caution. It is dangerous to exceed the 
stated dosage’. 
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Labels such as the above were common. Very 
few stated unequivocally that the substance should 
be kept out of reach of children. Indeed one 
popular brand of analgesic bears a label stressing its 
safety and harmlessness without a warning of any 
kind; yet five children swallowed potentially harmful 
amounts. 

Other Factors. Several other factors which 
occasionally operated are summarized below: 

(1) Small children tend to be generous to each 
other. In this series 14 children were the innocent 
recipients of dangerous substances. The donors, 22 
in number (for several incidents involved more than 
two children), ranged from 3 to 10 years of age and 
eight of them were over 7 years old. The older 
children acted thoughtlessly but not always stupidly 
and never with malicious intent. 

(2) Parents may have their attention distracted by 
another child or visitor and leave dangerous sub- 
stances within easy reach of youngsters. Seva 
examples of this were seen. 

(3) Children visiting strange houses, which are 
normally without children, may become bored and 
wander away from adults to explore drawers or 
cupboards. This occurred four times. 

(4) Whilst parents are moving house or decorating 
rooms medicines are apt to be left conveniently 


concentrated in one site, usually on the floor. This 
led to four accidents. 
Conclusions i 


Nearly all these poisening accidents occurred 
because the poison was toc easily accessible to young 
children. Such a situaticn might be the result of 
several contributing factors; for example, inadequate 
furnishing and overcrowding in the home or 
curiosity, mischief and mental retardation in chil- 
dren. Much the most important factors, however, 
concerned the parents. Lack of appreciation of the 
exploratory abilities of children, ignorance of the 
danger of many household substances, carelessness 
and apathy in the use and storage of medicaments far, 
outweighed truly accidental causes. This is illus- 
trated by the summary of the causes of the 145 
accidents investigated in detail (Table 12). 

Though it might seem from this list that all the 
accidents in groups A to D (numbering 121 in all) 
could and therefore should have been prevented, this 
would assume a standard of knowledge, foresight 
and care far above that found in practice. In 
Examples 2 and 3 it would be difficult to accuse the 
parents of carelessness or stupidity. Study of the 
120 accidents about which sufficient facts were 
known (excluding the garden group) suggested that 
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“ TABLE 12 
HUMAN FACTORS CAUSING 145 POISONING ACCIDENTS 





a A) Substance not in normal place of storage 
(i) Adult failed to replace it after use 0 
< o (2) Adult using it at time of accident ar AO 
EER <8) Adult distracted by other event whilst using substance a l 

3 






wf) Family moving house; redecorating room 
©) Substance just bought and not yet stored 





: @) Nermal place of storage of substance inadequate 








» (1) Exploratory ability of child not appreciated by parents | 25 
42) Insufficient supervision of child in strange house i 4 
GQ) Poisoneus nature of substance not known to parents.. I 
; Total 30 
-40 Substance left | in misleading container by parents : f 5 
(D) Substance given im error by parents = a ae | 
speenrervetice Pretrial Maamaa naana neea rat ti ini 
(E) More than one of the above reasons s] 10 
CF) Curiosity of child im garden .. a 3 Ja : d a 
(G) Source of substance not known to parents a . a 12 


(H) Information not available. ¢ ies an se ee e. 





38 (32%) occurred without any obvious parental 
negligence. The other 82 (68%) seemed easily 
preventable. 

Apart from trying to overcome adult apathy, 
several simple direct measures are possible. Greater 
use could be made of short but prominent labels such 
as “Keep out of the reach of children’. This is 
already done by many pharmacists but might be 
more effective if manufacturers incorporated such a 
warning on all packages containing medicaments 
other than those which are harmless even in gross 
overdosage. Even laxatives can be fatal (Craig and 
Fraser, 1953). It would also be valuable if similar 
warnings appeared with the common household 
poisons such as disinfectants, cleaning and bleaching 

agents, paraffin and turpentine. 

= Some accidents would be prevented were the 
common and dangerous tablet poisons (aspirin, 
barbiturates, ferrous sulphate, hyoscine and the anti- 
histamines) always supplied in safety containers. 
These are merely small tins with snap-closing lids 
» which young children are not strong enough to open. 
Unfortunately their relatively high cost would pre- 
clude their more extensive use. Finally, the tendency 
to store both medicaments and household materials 
in unsafe places might be reduced by providing safer 
storage facilities. Most new houses include several 
built-in cupboards. It would be neither difficult nor 
expensive to ensure that at least one in the kitchen 
and one in, say, a bedroom or the bathroom were 
fitted with a strong spring catch or similar safety 
device to defeat voung hands. 
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Summary 


The annual number of children accidentally 
poisoned in north-west Middlesex has greatly 
increased during the last 10 years. A study of 275 
case histories over this period has shown that 
medicaments and household materials have con- 
tributed more or less equally to the rise. 

The most susceptible age group was from 14 to 24 
years of age. Relatively more accidents occurred 
during the summer months, the excess probably 
being due to longer daylight hours. 

The commonest medicaments taken were aspirin, 
barbiturates, laxatives, ferrous sulphate and hyos- 
cine. Disinfectants, bleaches, cleaning agents, 
turpentine and paraffin accounted for over half the 
household materials. 

A more detailed study of 145 incidents showed that 
children obtained poisons from all parts of the house 
but most often from the kitchen and living room. 
Most of the substances taken had not been put away 
after use, were actually in use at the time, or were 
inadequately stored. Of this group, enough was 
known about 120 accidents to suggest that two- 
thirds could have been readily prevented and that 
these could be traced to the action (or lack of action) 
of adults. Predominant were carelessness in hand- 
ling or storing materials and failure to appreciate the 
ability of children. 

Easily applicable methods which might decrease 
the number of such accidents include more frequent 
use of warning labels on drug packages and on the 
commoner household poisons, greater use of safety 
containers and provision in all new houses of at least 
two safety cupboards. 


I wish to thank Dr. H. V. L. Finlay for his generous 
advice and criticism and constant encouragement. Iam 
also indebted to Dr. W. A. Steel for permission to publish 
this investigation and for the facilities which made it 
possible. Finally my thanks are due to his secretarial 
and records staff, particularly Miss M. Burley and Miss 
M. E. Bates, whose patience and help was much appreci- 
ated, and to Miss Beckett for producing the graphs. 
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Anaemia in infancy responding specifically to 
haemopoietic factors present in liver is not common. 
Between the years 1946 and 1953 a considerable 
number of cases was reported from the United 
States of America (Zuelzer and Ogden, 1946) and 
Italy (Amato, 1946; Pecorella, Burgio and Aversa, 
1947). The literature up to 1953 is fully reviewed 
by Zuelzer and Rutzky (1953). Since that time 
reports have been rather rare (Freire, 1954; Mouri- 
quand, 1954; Elizavéta, 1955; Morice, Gurzman and 
Costa, 1955; Nelson and Creery, 1955; Amato and 
Di Gruttola, 1956; Gatto, 1957), 

Much of the evidence suggests that megaloblastic 
anaemia of infancy is largely nutritional in origin, 
and it might therefore be expected that the disease 
would be common in those parts of the world where 
malnutrition is still rife. Protein malnutrition is 
widespread in Africa, the Far East, Mexico, South 
America and the West Indies (Trowell, Davies and 
Dean, 1954). Some degree of anaemia is usual in 
this disease, although an analysis of published 
material suggests that it is not as a rule severe in 
uncomplicated cases, since the haemoglobin level 
averages about 9-0 g.% (Table 1). The anaemia is 


TABLE | 
AVERAGE HAEMOGLOBIN LEVELS IN KWASHIORKOR 





ory 


4 
H 








| ! l 
Author | Area | Cases Mean Hb 
| no.) (g. Yo) 
Altmann and Murray (1948) | Johannesburg 32 10-2 
Walt, Wills and Nightingale | | | 
(1950) | Durban 36 ; ii 
{ 
Van der Sar (1951) | Curaçao | 33 | 9-3 
i i H 
Trowell and Davies l | 
(19352) | Uganda 44 8:5 
Gomez, Santaella, Galvan, | 
Cravioto and Frenk(1954} | Mexico | Si | 9-3 
Netrasiri and Netrasiri E 
(1955) Thailand i 48 8-7 
i H 
Woodruff (1955) | Nigeria | 6 | 82 
Poey Seng Hin (1957) | Djakarta 13889 
i i 


X 


most commonly normocytic, although it may be 
microcytic or macrocytic (Altmann and Murray, 
1948). It responds slowly to a protein-rich diet, and 
the response to liver, vitamin B» and folic acid has 
been described as ‘poor, indefinite and erratic’ 
(Trowell, 1949). The anaemia is commonly ascribed 
to protein deficiency associated with liver disease. 
(Woodruff, 1955), although Gomez, Santaella, 
Galvan, Cravioto and Frenk (1954) suggest that w” 
can usually be attributed to an increase in plasma 
volume. 

There have been few bone marrow studies in 
protein malnutrition. Trowell (1949) states that 
although at one time he thought that erythropoiesis 
was commonly megaloblastic, later he changed his 
opinion and now considers that erythropoiesis is 
usually macronormoblastic. Lambrecht and Hole- 
mans (1952) found some degree of erythroid hypo- 
plasia but no megaloblasts in 24 cases. Woodruff 
(1955) found a macronormoblastic marrow in six 
cases. Altmann and Murray (1948) reported 
megaloblasts and giant stab cells in the marrows of a 
few of their cases, and Adams (1954) in Durban,’ 
South Africa, found megaloblasts in two out of 21 
cases and giant stab cells and ‘intermediate megalo- 
blasts’ in another six cases. Van der Sar (1951) 
reported one case with megaloblastic erythropoiesis 
which responded to folic acid. Kho Lien-Keng, 
Poesponegoro and Poey Seng Hin (1957) studied 
the bone marrow in 50 cases in Djakarta and 
reported occasional megaloblasts in six cases and 
giant stab cells, vacuolated granulocytes or hyper- “ 
segmented neutrophils in another 26 cases. There 
was usually erythroid hypoplasia and the response 
to specific treatment was on the whole poor. 
Walt, Wills and Nightingale (1950) found no 
megaloblasts in 36 cases in Durban, but six years 
later they were able to report 42 cases of megalo- 
blastic anaemia of infancy of whom just over half 
were also suffering from kwashiorkor (Walt, Holman 
and Hendrickse, 1956). The following year they des- 
cribed another 18 cases (Walt, Holman and Naidoo, 
1957). In Sicily a condition has been described 
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~ which resembles kwashiorkor very closely (Gerbasi 
- and Burgio, 1955). It usually affects children under 2 
: years of age who suffer from diarrhoea, often of long 
ding, and skin changes, dryness of the hair, 
dema and hepatomegaly. The liver often shows 
vere fatty change, the serum proteins are low and 
naemia is common and sometimes severe. Bone 
arrow studies showed megaloblasts in 10 cases and 
tant myeloid forms in 20 cases. The typical white 
cell change ses of megaloblastic anaemia of infancy are 
‘illustrated i in their paper. 

The purpose of this communication is to report 
| cases of megaloblastic anaemia of infancy seen 
=: between May, 1956, and November, 1958, and to 
-emphasize that the disease is a common one in 
Jamaica, 





















Methods 


Standard haematological methods were used (Whitby 

, and Britton, 1957). Jn vitro sickling tests were carried 

«Out using a 2% solution of sodium metabisulphite 
{Daland and Castle, 1948). 

Bone marrow was aspirated under local anaesthesia, 
using an Osgood (16 gauge) needle. The site of puncture 
selected was the upper end of the tibia about 2 in. below 
the tibial taderosity. The marrow films were stained by 

both Leishman’s method and the May-Griinwald-Giemsa 
technique. A portion of the aspirated material was 
allowed te clot in the syringe, and the specimen so 
obtained was fixed and sectioned histologically as 
described by Mertens (1945), The sections were stained 
with haematoxylin and eosin, and for iron by the prussian 
blue technique of Perls. All the sections were stained for 
iron simultaneously to minimize technical errors. 


1 Year 


No. of Cases 
me Ww BUA Nm oS 


678 D101 
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Results 


The age distribution follows closely the pattern of 
kwashiorkor (Fig. 1) and, of the 50 cases, 32 were 
boys and 18 girls. Fever, vomiting and diarrhoea 
were the most common complaints and upper 
respiratory tract infections were frequent. On 
examination the most striking finding was that all 
the children were underweight and many oe SO. 
This is represented graphically in Fig. 2 where the 
children’s admission weights are compared with 
standard curves based on studies of child health and 
development made by the Department of Maternal 
and Child Health, Harvard School of Public 
Health (Nelson, 1950). In only one instance (Case 
12) did the admission weight exceed the third 
percentile, but even in this case the figure was well 
below the mean (50th percentile) in the Boston 
series. Other stigmata of malnutrition were also 
found; some degree of oedema was present in 30 
children, dyspigmentation of the skin was seen in 
14 cases, and hair changes were found in 35 cases. 
The liver was readily palpable in 44 cases and grossly 
enlarged in seven of these. The spleen was palpable 
in five instances, but three of these cases also had 
sickle cell anaemia. Two other cases of sickle cell 
anaemia were seen and these five infants with sickle 
cell anaemia and associated megaloblastic anaemia 
are reported elsewhere (Maclver and Went, 1960). 
Extreme pallor of the palms of the hands, soles of 
the feet and mucous membranes was usually present. 
In summary all the infants in this series were suffering 
from malnutrition, which ranged clinically from 
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Fic, {Age distribution of 50 cases of megaloblastic anaemia in infancy 
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Fic. 2.—Admission weights of 50 cases of megaloblastic anaemia of infancy arranged by age as compated with standard curves for third 


and fiftieth percentiles prepared by the Department of Maternal and Child Health, Harvard School of Public Health @ boys 


classical kwashiorkor in a few cases to a more 
marasmic picture in the majority. 

The haemoglobin levels on admission ranged from 
1:4to 12-2 g.% but the great majority were very low 
(average 5:4 g.%). The few cases with high haemo- 
globin levels on admission. developed anaemia in the 
course of treatment for malnutrition and bone 
marrow examination was rarely performed until the 
haemoglobin level had fallen to 7-0 g.% or less. 
The anaemia was usually normocytic and normo- 
chromic in type. Only occasionally was it definitely 
macrocytic (e.g. Case 48), but sometimes it was hypo- 
chromic. The reticulocyte count on admission was 
normally low, often below 1% (average 2-3%). The 
serum albumin level was usually low, ranging from 
1-2 g.% to 4:4 g.% (average 2-5 g.%). Stool 
cultures were performed in the great majority of 


x girls. 


cases: S. typhimurium was isolated in three instances 
(Cases 8, 9 and 34), S. St. Paul was found once 
(Case 14), pathogenic Esch. coli was isolated in five 
cases (type 01 11 in Cases 3 and 29, type 055 in Case 8 
and type 026 in Cases 14 and 42) and Sh. sonnei was, 
found in one instance (Case 43). Mantoux and 
V.D.R.L. tests were negative in all cases examined, 
and the stools were examined routinely for hook- 
worm and other parasites but were negative in every 
case. Gastric acidity was tested in five cases follow- 
ing the injection of histamine. In two (Cases 45 
and 47) some free acid was found, whereas in the 
other instances (Cases 43, 46 and 50) there was no 
free acid. Faecal fats were estimated in three cases. 
In two, normal values were obtained (3g. per 100g. 
dry faeces in Case 46 and 2-6 g. per 100 g. dry faeces 
in Case 43). In the other infant (Case 34) a 
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raised value of 36 g. per 100 g. dry faeces was 
» found, but on follow-up the percentage of fat fell to 
14 and then to 6-5 g.% as the child improved 
- ¢linically. The bone marrow was studied in every 
- case, although in one infant (Case 49) the aspiration 
-was performed 64 hours, and in another (Case 50) 
16 hours after the start of oral folic acid therapy. 
In the majority of instances the marrow was of 
» greatly increased cellularity, although in a few it was 
2s ypocellular and fatty. The mean myeloid /erythroid 
- ratio in the whole series was 1 -9 to 1, which contrasts 
-strikingly with the findings of Kho Lien-Keng et al, 
(1957) in Indonesia, who found an average myeloid/ 
erythroid ratio of 13-4 to 1. 














Bone Marrow Morphology 


(1) Erythropoiesis. In many instances the picture 
was indistinguishable from that seen in pernicious 
anaemia in relapse, and erythropoiesis was frankly 
megaloblastic (Fig. 3). Not infrequently, however, 
although megaloblasts were present in sufficient 
numbers to make the diagnosis beyond dispute, the 
majority of the erythroblasts were intermediate in 
type in the sense used by Downey (1952). These are 
the ‘intermediate megaloblasts’ of Dacie and White 
(1949). In such bone marrows erythroblasts could 
be seen in every stage of abnormality from classical 
mega oblasts on the one hand, through a variety of 
intermediate stages to typical normoblasts. In 
some marrows (e.g., Cases 8, 27, 30 and 31!) no 
classical megaloblasts were seen at all, and although 
the erythreblasts were still abnormal it was not 
possible to describe erythropoiesis as other than 
normoblastic. In such marrows it was still possible 
to recognize a specific and diagnostic abnormality in 
the myeloid cells. 


(2) Leucopoiesis. The granulocyte precursors 
showed constant qualitative changes which were no 
less characteristic than those of the erythroblasts. 
They were usually large and of a bizarre shape. 
Often they were clearly immature, perhaps pre- 
myelocytes or myelocytes, and yet the nucleus had 
~mndergone lobulation, indentation and even seg- 
mentation. Precise classification was often difficult. 
Giant metamyelocytes and stab cells were the most 
easily recognized abnormality and were identical 
with those seen in pernicious anaemia (Fig. 4). 
Striking vacuolation of the abnormal myeloid cells 
was often present (Fig. 5). We agree with 
Zuelzer and Rutzky (1953) that so far as megalo- 
blastic anaemia of infancy is concerned these white 
cell changes are pathognomonic. They were seen in 
< every marrow in the series, and sometimes they were 
“unmistakably abnormal even when no typical 
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megaloblasts could be found. In such cases a 
therapeutic test with folic:acid produced a character- 
istic reticulocyte response and a sustained haemato- 
logical improvement. There is no doubt that these 
changes in the granulocytes provide a sensitive and 
easily visualized indicater of the early stages of 
megaloblastic anaemia before the characteristic 
changes in the erythroblasts have become apparent. 
We have never seen these white cell changes in iron 
deficiency anaemia, as reported by Davidson (1952) 
and Lehmann (1955). 


Pathology. Six infants out of the series of 50 died 
and necropsies were carried out on all of them. In 
general the findings were those which are typically 
seen in protein malnutritien in children under 2 years 
of age in Jamaica (Jelliffe, Bras and Stuart, 1954; 
Bras, Waterlow and DePass, 1956). An additional 
finding which was of interest was that extramedullary 
erythropoiesis was seen in the liver (Fig. 6) in three 
Cases (3, 28, 43). In twe others (Cases 4 and 44) a 
severe chronic fatty change was present, and in Case 
6 an acute fatty change was noted. The immediate 
cause of death was frequently anaemia and broncho- 
pneumonia. 

Liver biopsies were carried out on 12 other infants, 
and extramedullary erythropoiesis was noted in 
seven of the 10 biopsy specimens which were 
sectioned histologically (Cases 13, 15, 16, 21, 22, 23 
and 36). A severe chronic fatty change was seen in 
Cases 16, 23, 29 and 38. 

We regard the finding of extramedullary erythro- 
poiesis in the liver as a very characteristic feature of 
the disease since it has net been observed in several 
hundred necropsy and liver biopsy specimens from 
children with malnutrition in Jamaica, unless there 
was an associated megaloblastic anaemia. It is not, 
however, always present, and may be difficult to see 
or completely absent if the liver is very fatty. 


Response to Treatment 


Of the 50 cases in the series 45 were treated with 
folic acid and five received vitamin Bo. Six of the 
folic acid-treated cases died. The response to 
treatment is summarized in Table 2 

Folic Acid Therapy. The response to oral folic 
acid (5 mg. b.d.) in the 39 patients who recovered was 
uniformly excellent (Fig. 7). Within one or two days 
of starting treatment a striking clinical improvement 
was frequently noted. The increase in appetite and 
diminution of apathy were very marked and often 
preceded the reticulocyte response. Vomiting and 
diarrhoea, which had sometimes persisted for several 
weeks, were usually brought under control within a 
few days. A maximum reticulocyte response was 
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Fic. 3. . Mie A 


Fic. 3.—Bone marrow from Case 13. (X 1200) 
Fic. 4.—Bone marrow from Case 13 showing giant metamyelocytes 
and giant stab cells. (x 1200) 
Fic. 5.—Bone marrow from Case 6 showing vacuolated granulocytes. 
( x 1200) 
Fic. 6.—Necropsy section of liver from Case 3 showing extensive 
extramedullary erythropoiesis. ( X 225) 
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TABLE 2 
RESPONSE TO TREATMENT (10 MG. FOLIC ACID DAILY, UNLESS OTHERWISE SPECIFIED) 


























Hb (g.%) Reticulocyte | Max. Reticulo- 
—_— qr xX“ Count cyte Response 

Case On AtStartof  atStartof | (%) and Day 

No. | Admission Treatment Treatment | after Start of 

Treatment | 

l 4-2 4-0 5 17 (5) | 
2 2:3 7°5 1 10 (4) 
3 3:2 — 2 — — 
4 3-2 — 0-1 — = 
5 9-3 6-0 2 20 (9) 
6 2-8 — 0-2 — — 
7 9-1 5-4 0-5 (7 
8 12-2 6°3 0-5 6 (12) 
9 12-4 8-6 1 21 (4) 
10 5-2 8-3 4 25 (8) 

* il 4-1 6:2 9 32 (7) 
12 3-6 3-6 2°5 46 (4) 
13 1-4 1-4 0-1 19 (6) 
14 6-0 6-0 | 1-0 26 (10) 
15 4-9 4°5 0-3 19 (7) 
16 4-7 4-6 | — 68 (3) 
i7 4-5 4-5 0-2 28 (8) 

18 1-8 8-3 l 20 (8) 
19 5-6 4:5 2-3 53 (5) 
20 4-7 4-5 2 26 (6) 
21 4:5 3:2 2 24 (7) 
22 4:9 6°6 l 49 (5) 
23 5-2 7-1 1:2 16 (4) 
24 2:7 2°7 0:5 41 (5) 
25 6:3 5-0 0-4 50 (15) 
26 5-0 5-0 2 37 (5) 
27 6-8 5-9 | 1-5 23 (5) 
28 3-8 4:8 | 0-1 — — 
29 8-0 6-5 | 5 34 (12) 
30 7-0 5-4 4 28 (5) 
31 4-3 4:3 11 21 (5) 
32 5-8 5:8 3-8 19 (4) 
33 2-8 9-8 0:6 i? CF) 
34 11-2 6°2 1 41 (5) 
35 6-6 7-1 2 24 (3) 
36 1-8 6°5 5 28 (5) 
37 4-6 4-6 1-6 aa AT) 
38 10-7 6:5 1 at a 
39 2-3 7:0 1 24 (11) 
40 7-3 7-5 1 19 (7) 
41 2:7 2:7 — 37 (10) 
42 11-2 6:2 1 35 (4) 
43 4-4 5:7 2:2 14 (7) 
44 5-0 — 0-1 — — 
45 7-5 7-0 | 4 35 (12) 
46 3-2 6:9 | 4-8 59 (6) 
47 6-5 6-5 | _ 46 (5) 
48 3-2 3:2 | 12 30 (3) 
49 4-5 8-2 0-4 19 (15) 
50 3-8 3-8 1 38 (7) 
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Max. Hb Level 
(g. %) and 
Day after 

Start of 
Treatment 


10-1 (22) 
10-1 (9) 
— — Died suddenly after two days’ folic acid therapy 


Comments 





Transfused (180 ml.) on admission 


— Transfused (130 ml.) 
Died after four days’ folic acid therapy 


8-6 (16) 
— — Died; congenital valve of urethra, pyonephrosis and 

peritonitis 

0 (29) 

5 (12) S. typhimurium and pathogenic Esch. coli (type 055) 
infections 

7 (11) S. typhimurium infection 

3 (24) Transfused (150 ml.) on admission 

2 (7) Also had sickle cell anaemia 

"9 (13) Also had sickle cell anaemia 

-4 (12) Transfused (100 ml.) on admission 

-0 (48) S. St. Paul infection; also pathogenic Esch. coli (type 026) 

-5 (31) Treated with vitamin B12, 50 ug. weekly 

-4 (27) Reticulocyte count 19% two days after start of folic acid 
therapy 

-1 (38) | Treated with single dose of vitamin B12 (100 ug.) 

"4 (14) Transfused (250 ml.) on admission; treated with single dose 

é of vitamin Bye (1,000 ug.) 

-9 (18) 

9 (33) Transfused (150 ml.) before first Hb estimation 

0 (23) Treated with single dose of vitamin B12 (1,000 ug.) 

2 (19) Also had veno-occlusive disease of liver 

$ s12 | Transfused (125 ml.) four weeks after admission 

-2 (39) 

-0 (27) Also had sickle cell anaemia 

-9 (20) | 

-7 (21) 


— Transfused twice (170 ml.; 150 ml.); died on third day of 
folic acid therapy 

(47) Gastro-enteritis due to pathogenic Esch. coli (type 0111), 
treated with vitamin Bie (20ug. on alternate days) 





(7) Transfused (220 ml.) on admission 
(65) | S. typhimurium infection; also developed scurvy 


~ 
wa 
w 


Transfused (140 ml.) on admission 
| 


15) Transfused three times in first week (180, 90, 180 ml.) 


16) ae count 11% four days after start of folic acid 
therapy 
56) Gastro-enteritis due to pathogenic Esch. coli (type 026) 
(7) Died after nine days’ folic acid therapy 

Transfused twice (100 ml.; 125 ml.); Sh. sonnei infection 
— Died on third day after one day of folic acid therapy 


8 (31) 
-4 (40) Also had sickle cell anaemia 
1 (16) Reticulocyte count 30% three days after start of folic acid 
therapy 
(10) Also had sickle cell anaemia 
(42) Transfused (150 ml.) on admission 
(32) 








sometimes seen in as short a time as three days and 
occasionally, particularly in the presence of severe 
infection, took as long as 15 days (mean six days). 
The rise in haemoglobin level after therapy was 
usually quite rapid, and in the 21 cases who received 
no blood transfusions the rate of increase in haemo- 
globin ranged from 0-08 g. per day to 0:37 g. per 
day (mean 0:2 g. per day). 


Iron Therapy. Oral iron therapy was usually also 
required to achieve a sustained improvement, and in 


fact some cases were demonstrably iron-deficient 
from the start as judged by a low mean corpuscular 
haemoglobin concentration, or more reliably by the 
absence of stainable iron in the bone marrow. Of 
the 31 cases in which the marrow was stained for 
iron, a positive reaction was obtained in 19, although 
in four of these only a trace of iron was seen. In 
seven cases ample iron was present (2, 6, 25, 34, 41, 
43 and 47) but of these only Cases 6 and 47 had 
received no treatment before the marrow biopsy; 
Cases 2, 25 and 43 had been given blood transfusions, 
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Streptomycin 
Penicillin. 
imferon 


C aaas $ 


Ach romycin 


Hb (g.%) 
N © © 
Weight 9 Ib. 9 oz, 


Marrow Puncture 


Days 7 14 21 28 


Fig, 7.---Chart of Case 19, aged 9 months, showing typical response to oral folic acid therapy. 


Case 41 had had two days of intramuscular iron and 
Case 34 had been on oral iron therapy for over three 
weeks. However, it is noteworthy that in no case 
was haematological improvement seen on iron 
therapy alone, and in fact in several instances the 
infant had been on iron therapy for some time before 
the marrow was examined, but in spite of that had 
continued to go downhill. Case 7 received 5 ml. of 
Imferon but nevertheless the haemoglobin level fell 
from 9-1 g.% on admission to 5-4 g.% in 38 days. 
Case 9 was on oral iron whilst the haemoglobin level 
fell 2-4 2.%, and Case 34 had been on oral iron 
therapy for 23 days when the marrow was examined, 
and during this period the haemoglobin level had 
fallen 2-1 ¢.%. 


Vitamin B,. Therapy. All five cases receiving 
intramuscular vitamin B; had a completely satis- 
factory haematological and clinical response. The 
dosage varied but was usually on the high side. 
Case 15 received 50 ug. a week for eight weeks, Case 
29 was given 20 ug. on alternate days up to a total 
of 220 ug. and in the other three cases (17, 18 and 21) 
a single injection of 1000 ug, was given. 


Antibiotics. A high proportion of the infants 
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were febrile on admission, and many had broncho- 
pneumonia or gastro-enteritis. As a consequence, 
penicillin and achromycin were not uncommonly 
given during the first weeks after admission. Since | 
nutritional megaloblastic anaemia in adults some- 
times responds to penicillin (Foy, Kondi and 
Manson-Bahr, 1955), a response in infants might be 
anticipated. However, in no case was a response 
observed which could be ascribed to the antibiotic 
treatment, and in a number of instances the bone 
marrow aspiration was performed after prolonged 
use of antibiotics and erythropoiesis was none the 


less megaloblastic. oo 


Discussion 

Megaloblastic anaemia of infancy is a common 
condition in Jamaica and in 1957 6-3% of all 
admissions to the paediatric ward of the University 
College Hospital suffered from the disease. It is 
clearly a deficiency state, but the origin of the 
deficiency and what factor or factors are concerned 
in this deficiency is much less obvious, The ultimate 
biochemical defect may be of folic acid or its 
analogues, vitamin Bg, or other factors as yet un- 
known, and the deficiency need not necessarily be the 









\ Same in each case. The fact that all reported cases 
»\ have responded to folic acid, as have all the surviving 
cases treated with this substance in the present 
_ Xgries, does not prove that the deficiency is one of 
folic acid. The response to vitamin B; in megalo- 
blastic anaemia of infancy has been more variable; 
all the children treated with it in the present series 
~ responded well, although the dosage in some cases 
- was very high and, according to Frazer (1958), all 
---megaloblastic anaemias will respond to vitamin By. 
< provided the dosage is high enough. Other workers 
-have reported satisfactory responses (McPherson, 
_ Jonsson and Rundles, 1949; Sturgeon and Carpenter, 
_ 1950; Zuelzer and Rutzky, 1953) although in some 
cases the response has been poor (Luhby and 
O Wheeler, 1949; Zuelzer and Rutzky, 1953). 

One of the most remarkable things about the 
history of megaloblastic anaemia of infancy is the 
„almost meteoric rise and fall in the incidence of the 
condition m the United States. The flood of cases 
reported in that country between 1946 and 1953 may 
in part have been due to a ‘high index of suspicion’, 
but the virtual disappearance of the disease since 
1953 is more difficult to explain. Considerable light 
was thrown on the aetiology of megaloblastic 
anaemia in infancy by the work of May and his 
associates, who undertook a series of experimental 
investigations on monkeys and showed that a 
megaloblastic anaemia could readily be induced in 
these animals by a diet of milk, which has a low 
content of folic acid, from which ascorbic acid has 
been. excluded (May, Nelson and Salmon, 1949: 
May, Nelson, Lowe and Salmon, 1950: May, 
Sundberg and Schaar, 1950; May, Sundberg, Schaar, 

‘Lowe and Salmon, 1951; May, Stewart, Hamilton 
and Salmon, 1952; May, Hamilton and Stewart, 
1953; Sundberg, Schaar and May, 1952). In con- 
.. sidering the possible causes of folic acid and vitamin 
Big deficiency they concluded that ʻa chronic 
deficiency of ascorbic acid leads to a deficiency of 
folic acid or some difficulty in the metabolism of folic 
acid or related compounds which results in a megalo- 
blastic pattern in the marrow.’ As evidence for this 
“View they cited the high frequency of scurvy (25%) 
in the case reports of Zuelzer and Ogden (1946) and 
Aldrich and Neison (1947). 

As a result of the work of May and his associates, 
the manufacturers introduced large quantities of 
ascorbic acid (59 mg. per reconstituted quart) into 
milk formulas which had previously been associated 
with a rather high incidence of megaloblastic anaemia 
of infancy (Luhby and Wheeler, 1949), and it is 
probable that the virtual disappearance of the disease 
‘in the United States may, in part at least, be ascribed 

to this fact. In this connexion it is of interest that 
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in Zuelzer’s last published series of cases (Zuelzer 
and Rutzky, 1953) milk foods, which had been 
modified by the sole addition of ascorbic acid, dis- 
appeared from the history of infants with megalo- 
blastic anaemia, whereas an unmodified brand 
persisted. 

The importance of ascorbic acid deficiency tn the 
aetiology of the disease in the present series is 
difficult to evaluate. In only one instance (Case 34) 
was frank scurvy noted and the deficiency became 
manifest after the child had been in hospital for 78 
days. The infant was malnourished on admission 
but was not particularly anaemic, even taking into 
account the dehydration which was present. He 
had severe gastro-enteritis and S. typhimurium was 
isolated from the stools. Despite courses of 
achromycin and chloramphenicol the diarrhoea per- 
sisted and the Salmonella was again found. The 
child was on a milk diet with the addition of small 
quantities of orange juice during this period, but the 
haemoglobin fell steadily from 11-2 g.% to 6°4 g.% 
after 55 days (Fig. 8). A bone marrow examination 
at this time showed megaloblastic erythropoiesis, 
and folic acid was given. A good reticulocytosis 
and some rise in haemeglobin followed, but soon 
afterwards the haemoglobin level began to fall again. 
Clinical evidence of scurvy then appeared and treat- 
ment with ascorbic acid (the folic acid was still 
continued) produced a second reticulocyte response 
of 20°, and a rapid rise in haemoglobin level. In 
this case there can be no doubt about the importance 
of ascorbic acid in the proper utilization of folic acid, 
but, since scurvy is very rarely seen in Jamaica, it is 
difficult to believe that a deficiency of ascorbic acid 
can be of aetiological significance in the majority of 
cases in this series. 

There is little doubt of the important part played 
by infection in the causation of the disease. May 
et al, (1952) were able to produce megaloblastic 
anaemia in monkeys on a milk diet with adequate 
amounts of ascorbic acid by inducing turpentine 
abscesses. It is probable that infection increases the 
requirements for ascorbic acid. In the present 
series infections were extremely frequent. A history 
of recent upper respiratory tract infections or chest 
colds was elicited in 26 cases, and gastro-intestinal 
infections were common. Vomiting had occurred 
in 37 cases, and diarrhoea in 29. As mentioned 
earlier, specific pathogens were isolated from the 
stools in several instances, and the importance of 
gastro-intestinal infections in the aetiology of 
megaloblastic anaemia is well illustrated by the 
following case. 


Case 9. This 9-month-old infant was admitted with a 
history of vomiting after feeds for one week and diarrhoea 
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Fic, 8.~-Chart of Case 34, aged 8 months, showing fall in haemoglobin level associated with S. typhimurium infection, response to folic acid 


and second response to ascorbic acid (see text}, -—--— Hb 


for three days. His nutritional state was moderate. 
S. typhimurium was isolated from the stools and despite 
a course of chloramphenicol the same organism was found 
again two weeks later. During the course of the first 
four weeks the haemoglobin level fell from 12-4 g.% to 
6:7 g.% (Fig. 9) and, despite treatment with penicillin 
and streptomycin, he had continual fever. A blood 
transfusion was given but the haemoglobin level fell again 
rapidly. On the forty-sixth day the bone marrow was 
examined and found to be megaloblastic. Treatment 
with folic acid produced a dramatic result both clinically 
and haematologically for not only was there a good 
reticulocyte response and haemoglobin rise, but the fever 
settled almost immediately and did not recur. 


A similar rapid fall in haemoglobin level in infants 
with gastro-enteritis was observed in Cases 8, 34 
and 42. 

The mechanism by which gastro-intestinal infec- 
tions predispose to the development of a megalo- 
blastic anaemia is probably rather complex. In the 
first place there is the factor of the infection itself, 
which has already been discussed. Secondly, 
anorexia and vomiting are frequently associated so 
that the intake of haemopoietic factors is reduced. 


=» w- reticulocytes 


Thirdly, the absorption of these haemopoietic 
factors may be impaired as a result of persistent 
diarrhoea. Fourthly, the abnormal bacterial flora 
in the intestine associated with the infection may lead 
either to an increased bacterial utilization of these 
factors or to a reduced synthesis of them. 

However important infection and ascorbic acid 
deficiency may be in the causation of megaloblastic 
anaemia of infancy, there can be little doubt that the 
main factor responsible in our series is a dietary 
deficiency of essential haemopoietic substances. All 
the infants in the series were underweight, and many 
were severely so. In addition the features of protein 
malnutrition were often present. In Table 3 are 
summarized the diets of the infants in this series, and 
they are clearly grossly inadequate. Milk, which is 
the chief staple of an infant’s diet during the first 
year of life, has a low folic acid content, and the 
heating processes, such as those involved in the 
canning and powdering of milk, further reduce this 
small amount of folic acid (Luhby and Wheeler, 
1949). Only a few of the infants received any fresh 
milk and the majority were given only very small 
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Folic Acid 


7 Penicillin Penicillin 


Oral fron 


Weight 13 Ib. 7 oz, 


y chloramphenicol Š Streptomycin 
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Discharged 


Weight tf Ib. 13 oz. 
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Fic. 9.-—Thart of Case Iy aged 9 months, showing fall in haemoglobin level associated with S$. typhimurium infection and response to folic 








acid, Hb ~~-~- reticulocytes 
TABLE 3 
, SUMMARY OF DIETARY HISTORIES 
| | | í | i | 
-Case Age | l Breast | Type of Mitk Cereals : Vegetables Meat | Eggs , Orange Bush Teas 
No. (mk) Feeding | after Weaning | | i Juice | 
‘ | Gnth | | | | | | | 
m 1 | 14 ; 7 | Skim Oats | Cho-cho; -= | Occasional | + | Mint 
; } $, i | E PTT 3 i i f 
= 2) 1% 9 6 | Skim 2 mth.; ; Cornmeal i oo fo o— | — fee | — 
‘eit | 4 | Ovaltine | 5 
a 3 hi 4 3 i ee: goat's; | Oats oe : a ! -== |o o = | Love weed (dodder) 
e | E 4 cirri j ; ; 
ae 4) 13 i 9 | Cow! s 2 mth. (none | “ne — | Beeftea | — | we | — 
ae a | LO subsequently} | i : ; | | E 
a $i Ib i 9 | Tactosen Cow and | _ ; eee i — i -~ Foo Love weed (dodder) 
a o} | ate i Í : 
ia er ga] 5 | Condensed | Oats _ ! _ | _ o ag | Mint; Irish-moss 
ae oli 2n | | | | | | (sea-weed) 
ae: 7 2e ; G9 | Cow's | —— Carrot juice “f- | Ea S | 7 === 
coe i fA | a | Lactogen; Ostermilk;, Cornmeal a oe -4 | +o | Mint 
ee a | cow's | i l i 
9 4 “ J | Condensed; skim | Oats; arrowroot | ve = | — | a Mint 
© H C] Condensed | Barley water | Carrot juice ~~ moe ed Ir nanes (sea-weed} 
3 E i i f ! l inseed 
i e E: l Skim i oe | Sweet potatoes; —_ vee oe | m 
} í | carrot juice | SN DEN 
i2 i 6 | Condensed; occ. , Cornmeal . = Occasional -< | — | Mint 
| SOW's | | . : | fe 
13 | S | Condensed; occ, | Arrowroot ; Occasional | = | Occasional | + | Rosemary; mint 
| cow's | | | | o 
14 i ? | Occ. goat's a t ven ; on f — fmm oe 
i5 Ca ? | oOo o] ? Co i aaar a i 
16 4 | Skim | Barley water; | _ ; == Occasional | + | ne 
re: | Quaker oats | | : ; 
, Condensed; oce. | Patent barley; | mae ; =- ! ome fem — 
| powdered o cornmeal; ; ; i 
S Reh an a OR E =: i See ee a, SS AT. et 
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, | 
Case! Age | Breast Type of Milk Cereals | Vegetables Meat | Eggs | c Orange | Bush Teas 
No. (mth. ) Feeding after weaning =| Juice | 
(mth.) | 
18 18 | 6 Cow's; condensed Occ. porridge — | — ene | ~— | ieee rea 
i susumber 
19 9 5 Cow’s Farex ~ ! = i m~m | — | Various 
20); 12 | 9 Cow’s; Ovaltine bates corn- = ; 2 ; — — | =e 
| . bes meal i l | | 
21 | 17 | 9 Skim; condensed; | Cornstarch; => i -— . = G i =x 
i _ Cow and Gate | barley | | i 
22; 14 | 3 Cow's; condensed | Cornmeal == i == ! — fo wee } marie pr hesa 
; ! i | i odder}; Jack-in- 
| | | | | __ the-bash 
23) 13) #12 Lactogen | Saltine biscuits — , ee 4 + | + | Various 
34 18 | 3 Lactogen Porridge ~— ~~ ! — e oe — 
25 | 12 | & Pees Ovalting Guaker oats Sweet potatoes | oa / Occasional | -=——~ | Mint; cerosee 
skim 
26! 17 | $ | Lactogen; cow's | Cornmeal — = = | — | Mint 
27 | i0 o Skim soars since | Oats Sweet potatoes — — | — | == 
i mth. f | 
28: 15 | 4 Cow’s; Milo | Oats Sweet potatoes ~~ | + a y “one A 
29 | 8 | 6 Cow and Gate; _ = = -+ i -+ | Irish-mess (sea-weed); 
: | Ostermilk; ! | | | linse 
| condensed | } i 
30) 9 ; 3 None 1 mth.; cow’s | Cornmeal; _ — | oe powo meen 
i ! | 3 mth; none last | barley; 
! 2 mth. | cornstarch; i ! 
; | _ afrowroot | OSS ee: 
31; 14 | 7 Skim | Oats — | — | — | + | "N a Jack-in-the- 
i 1. j I i us 
32 | 12 | 9 Condensed | Porridge Banana | Fish tea | sess _ = 
33 21 5 8 Cow's Wheat; rice Yam: sweet i Fish | ss E N — 
| | potatoes | i 2 
34 8 | } None 2 mth.; skim; | Oats at 3 mth. oe — | — Occa- | Mint 
| ; cow's; condensed | . sional | 
35, 10 , 6 | Skim | Barley; oats == Fish tea | ==- | E =- 
36 | S| 6 Cone Lactogen; | Barley; Bemax = i os nee | — | Mint 
skim | 
37. li ! 6 | Ovaltine: Milo; | Oats; cornmeal; oe | mm | ps + | Mint 
i ! _ condensed arrowroot | Í 
38; 9 | ł Various proprietary | Cornmeal Green banana | — | ~ | = | ss 
brands; none from | | 
(SORE 4 mth. | | | | | 
39 «18 «| 4 Lactogen: Ovaltine (| Barley ffrom | woe — “ee -—- + Cotton: susumber; 
| oats UL yr. | ; | mint: Lrish-moss 
| l | | | (sea-weed) 
40, 12 | 6 Lactogen; Horlicks; | Cornmeal Coconut milk as i — po Milk-weed; negeu; 
| } condensed | , | ; vervine; love~bush: 
: | | | Jack-in-the-bush 
41 37 ? | Lactogen; | all | Barley water; Tried and i Tried and Tried and | Tried | A 
i i | cow's; tried and! porridge | refused | refused refused = and | 
| Ovaltine k refused; | | ; refused | 
| | -still bottle fed 
42; Bo — | S condensed; | — ia | a= — | ee -= 
| ita-cup | 
43 R o — Horlicks; Cow and | — | = | — — oOo = | Jack-in-the-bush; 
Gate; skim; goat’s! | i | | White Joseph’s 
| coat; God bush; 
a. | ! | | | mint 
44* 11 | ? Condensed; little or | Oats: cornmeal | ae | ~— — foe | ve 
none for 3 mth. po i | | 
45 16 | 10 Cow's; Lactogen | Oats ne | wn se po = f sis 
46 13} 8 Lactogen: con- i Oats — coo ne | pe a Mint: cerosee 
densed: skim | Wi ete 
47 12 5 Condensed, skim | Barley water Spinach; sweet | — wa - a 4 Mint 
| potatoes; | | 
a — cho-cho | | 
48: l4 | Ostermilk; Milo; | Bread; biscuit Sweet potatoes Soup, | -4 po ome o] mema 
i condensed fish tea | 
49 | 12 7 Cows; Milo | Oats; sago oy Fish tea | oan f ee dG Mint 
50; B5 | 8 Lactogen; Cow and Barley Carrot juice Fish tea | ~} foe | ais 
S E a EE LR 





* 3-day dietary survey at home showed intake of 400 calories and 0:75 g. protein per day 


quantities of condensed or powdered milk. Goat’s 


milk, which has an even lower folic acid content 
than human or cow's milk (May ef al., 1952), was 
included in the diet of four infants in this series 
(Cases 3, 14, 27 and 43). Supplementary foods rich 


in folic acid, such as meat and green vegetables, were 


almost totally absent from their diets, which con- 


sisted largely of cereals, such as cornmeal, made into 
a porridge with small quantities of milk, supple- 
mented with a variable quantity of carbohydrate-rich 
foods such as sweet potato, green banana, cassava 
and yam. The folic acid content of these foods is 
not known, but, with the possible exception of green 
bananas, it is not likely to be high. Vitamin Bj» 


+ 
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is found in most animal tissues such as meat and 


eggs, but it is almost completely absent from higher 


plants. Milk contains a reasonable amount of 


. yitamin By) but the quantity given to these infants 
-owas generally very small, one or two tins of con- 
`: densed milk being required to last a week or more in 
Most cases. 


It is therefore quite probable that the 


-> ghildren-were deficient in both folic acid and vitamin 


z Bio, although it seems likely that deficiency of folic 
> acid is the most important factor. 


In addition to the 


= inadequate intake of haemopoietic substances, the 


children also received too little protein, and the 
results of protein malnutrition became manifest. 
Anorexia was usual and vomiting and diarrhoea 
were freguent so that the already small intake of 
haemopəietic substances was further reduced and 
absorption was impaired. 

It is probable that the disease could be quickly 


_ eradicated in Jamaica if supplies of milk were more 


freely available and in particular if the mothers were 
educated to the importance of including some 
green vegetables and, if economically possible, meat 
in the diets of their children in the post-weaning 
period. 

Summary 


The literature on megaloblastic anaemia of infancy 
is briefly reviewed with particular reference to its 
occurrence in association with protein malnutrition 
(kwashiorkor). 

The clinical, haematological and other laboratory 
findings. in 50 cases of megaloblastic anaemia of 
infancy are presented. From a clinical point of 
view the most striking feature is that almost all the 
infants were very malnourished and grossly under- 
weight. The bone marrow morphology is described, 
and the diagnostic value of specific changes in the 
granulocytic series is stressed. 

An interesting pathological finding was the 
presence of extramedullary erythropoiesis in the 
liver. This was found at necropsy in three out of 
six cases, and on liver biopsy in seven out of 10 cases. 
Although not constantly present, extramedullary 





erythropoiesis is thought to be pathognomonic of 


the disease. 

Of the 50 cases in the series 45 were given folic acid 
and five received vitamin Bi. Six of the folic acid 
treated cases died. The response to both folic acid 
and vitamin By,» in the remaining cases was excellent. 
No response to antibiotics was noted. The patho- 
genesis of the disease is discussed in some detail and 
illustrated with cases. Although there is no doubt 
of the importance of ascorbic acid deficiency and of 
infection in the aetiology of megaloblastic anaemia 
of infancy, it seems probable that a dietary deficiency 








_ of essent ial haemopoietic factors is the major cause. 
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Whether the main deficiency is of folic acid or of 
vitamin B;» is uncertain at the present time, although 
in our view a deficiency of folic acid seems likely to 
be the more important. 


The authors are greatly indebted to Dr. J. C. Waterlow, 
Director of the Medical Research Council's Tropical 
Metabolism Research Unit, for his permission to include 
14 cases which were under his care. They are also very 
grateful to Professor G. Bras for his advice and assistance 
with the histology of the liver. 
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The purpose of this paper is to present four cases 
of neonatal thrombocytopenic purpura which have 
been investigated fully. Although an uncommon 
condition, it has aroused a good deal of interest and 
nearly 100 instances have been recorded to date. 
The literature has been reviewed by Robson and 
Walker (1951), who collected 52 cases and added 
three of their own, and also by Morris (1954), who 
gives references for a further 27 cases and also 
describes three more under her care. A detailed 
account of the condition is to be found in Stefanini 
and Dameshek’s text-book The Hemorrhagic 
Disorders (1955). 

The original classification of patients with con- 
genital thrombocytopenic purpura into two main 
groups by Robson and Walker is now generally 
accepted as a helpful and practical division and is 
as follows: 

Group I.—Infants born of mothers with thrombo- 

cytopenic purpura 

(a) idiopathic type (.T.P.), including mothers who 
had undergone splenectomy 

(b) secondary or symptomatic type due to drugs, 
infections, toxaemias, etc. 


Group II.-—-Infants born of normal mothers 


Nevertheless this classification may be artificial 
since there are several instances on record (Sanford, 
Leslie and Crane, 1936; Urbanski and Hutner, 
1942; Finn, 1944) illustrating that a woman may 
suffer from idiopathic thrombocytopenic purpura 
(1.T.P.) but be symptom-free and in remission 
during pregnancy and yet give birth to a thrombo- 
cytopenic infant. Unless repeated maternal platelet 
counts are carried out post-natally, such a case may 
be incorrectly assigned to Group II. An affected 
mother may give birth to a normal child (Finn, 
1944) or may have dissimilar twins, one affected and 
one not (Goldstein, 1947). It is also possible that 
in these congenital cases a genetic fault is sometimes 
responsible and that fathers as well as mothers 
could be involved. 
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A more elaborate classification based on aetiology 
and illustrating the widely different mechanisms jo 
which congenital thrombocytopenia may de attribut- 
able is that of Stefanini and Dameshek +1955). In 
this, cases are divided into two main groups accord- 
ing to whether megakaryocytes are absent or 
markedly reduced in the bone marrow (amegakaryo- ` 
cytic), or present in normal or increased numbers 
(megakaryocytic): 


Group I.-—-Amegakaryocytic 

(1) Congenital hypoplastic anaemia (including the 
Fanconi syndrome) 

(2) Congenital hypoplastic thrombocytopenia 

(3) Congenital acute leukaemia (usually granulo- 
cytic) | 

(4) Sepsis, congenital syphilis, other infections, 
viral diseases, etc. 


Group I.—~Megakaryocytic 
(a) Children of non-thrombocytopenic: mothers 
(1) Idiopathic thrembocytopenie purpura 
(rarely present at birth) 
acute variety 
chronic variety 
(2) Erythroblastosis foetalis 

with demonstrable platelet agglutin- 
ins 

without demonstrable platelet agglu- 
tinins 

(3) Platelet type incompatibility between 
mother and foetus 

($) Children of thrombocytopenic mothers 

(1) Transplacental transfer of platelet agglu- 
tinins from mother to foetus (platelet 
agglutinins as a rule demonstrable in 
the mother’s plasma) 

(2) Drug thrombocytopenia (transfer through 
the placenta of both a platelet- 
destructive factor and the offending 
drug) 


The four cases described in this paper were all the 
children of apparently healthy non-thrembocyto- 
penic mothers. 


Case Reports 


Case 1. (Fig. 1.) PaulB., a male child, was delivered 
full term. The mother had had rubella at the eighth 
ek of pregnancy and a purpuric rash appeared on the 
ild’s trunk, face and limbs within 15 minutes of birth 
. 2-and 3). He had various congenital defects, 
ding penile hypospadias, a heart lesion and a 
taract. On the first day after birth the platelet 
unt was 56,000’c.mm.; the bone marrow showed very 
nity megakaryocytes (Fig. 4) and those present had an 
ypical lymphoid appearance and seemed indolent as 
gards platelet production (Figs. 5 and 6); erythro- 
poiesis was active; no platelet agglutinins were demon- 
trable in the infant’s serum nor in the maternal serum 
put up against the infant’s platelets. The platelet count 
after some fluctuation fell to 36,000/c.mm. on the 
= eighth day. On the following day prednisolone was 
~~. commenced and there was a satisfactory response in the 
= platelet count which rose to normal and has remained 
normal since. A second marrow examination carried 
„out about ene month after birth, whilst the platelets were 
increasing, showed mumerous megakaryocytes of normal 
_ morphology (Fig. 7). This child showed no significant 
anaemia, 
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Case 2. (Fig. 8.) Andrea H., a female child, was 
born at full term. About six hours after delivery a 
petechial rash was noted, mainly on the face and in the 
skin creases but also scattered over the trunk and limbs. 
Her initial platelet count on the second day was 96,000/ 
cmm. The bone marrow on the third day showed a 
paucity of megakaryocytes: of those present some were 
of an intermediate type with granule formation whilst 
others were of the lymphoid variety, both devoid of 
platelet formation. Erythropoiesis was active. No 
platelet agglutinins were demonstrable in either the 
infant’s or the mother’s serum. The platelet count had 
dropped to 40,000/c.mm. by the fifth day when predniso- 
lone was commenced. There followed a rapid rise in 
the platelet count which has remained normal. No 
anaemia was present. 


Case 3. (Fig. 9.) Stella H., a second-born female 
child, was delivered at full term, Four days after birth 
she passed a smal! amount of blood per vaginam. Nine 
days after birth there was a large bruise on the left leg 
and it was noted that there was a tendency to bleed 
easily from a scratch over one eye. On the following day 
a small bruise appeared on the right leg. On the tenth 
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day after birth the platelet count was 124,000/c.mm., 
falling to 39,000/c.mm. during the succeeding five days. 
On the sixteenth day the child passed a melaena stool 
which soon cleared. No purpura was seen. A marrow 
examination carried out on the seventeenth day when the 
platelet count was 89,000/c.mm. showed scanty mega- 
karyocytes again of intermediate and lymphoid types 
with little platelet production. Platelet agglutinins 
against her own platelets and those of a normal com- 
patible control were demonstrable in the infant’s serum 
when tested on the twenty-second day of life but the 
maternal serum failed to agglutinate the child’s platelets. 
These results were also confirmed in a subsequent test. 
The child was discharged aged 23 days and-after some 
fluctuations in the platelet count, associated with mild 
epistaxis when it stood at 72,000/c.mm., there was a 
gradual return to normal and the child had no haemor- 
rhagic manifestations. She made a spontaneous recov- 
ery, no cortisone therapy being given. 


Case 4, (Fig. 10.) Stephen H. was a brother of the 
previous patient and was three and a half years older. 
They were the only children of the marriage. Eleven 
days after birth he had an epistaxis of three to four days’ 
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duration and the platelet count was found to be 83,000/ 
cmm. It subsequently fell to 63,000/e.mm. and then 
rose quickly and spontaneously to a normal level, since 
when the boy has remained well. Tests carried out in 
April, 1958 showed a normal platelet count of 308 :000/ 
c.mm., and no platelet agglutinins were demonstrable in 
his serum against his own platelets or those of a normal 
compatible control. The mother’s serum also failed to 
agglutinate his platelets. No marrow biopsy was per- 
formed in the thrombocytopenic period shortly after 
birth and it was felt that no useful information would 
accrue by doing this after three and a half years when 
the boy was normal. 


The familial aspect of these last two cases is very 
interesting. 

Table 1 sets out the significant Anong in the 
four cases described. 


Additional Significant Observations 


A family history of a bleeding tendency was 
obtained only in Cases 3 and 4. In the six parents 
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TABLE Í 
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of the three families involved and in their relatives 
there was no suggestion of any haemorrhagic 
diathests and platelet counts carried out on two or 
more accasions on each of the mothers were all 
within normal limits. No evidence of erythro- 
blastos#s foetalis was present clinically in any of the 
children shortly after birth. Anaemia was not a 
feature and the Coombs test in Cases 1, 2 and 3 was 
negative. AH three mothers were Rhesus (D) 
‘positive, had negative Wassermann and Kahn 
reactions and were taking no drugs. Hypopro- 
thrombinaemia was excluded and in none of the 
infants was there any prolongation of coagulation 
time. The spleen was palpable only in Case 1. 
The purpura in the first two cases disappeared 
within a week to 10 days as the platelet count rose 
` following the administration of prednisolone. In 
Cases 3 ard 4 (sister and brother), where haemor- 
Thage involved other sites, recovery was spontaneous 
and also rapid. The marrow biopsies were obtained 
by aspiration from the tibia. The platelets were 
counted by the Lempert technique, and platelet 
agglutinins were tested against suspensions of 
platelets in both saline and albumen. 


Discussion 
The four cases recorded were the offspring of 
apparently healthy non-thrombocytopenic mothers 
(Group H in Robson and Walker’s original 
Even allowing for the fact that a 


classification). 





woman with idiopathic thrombocytopenic purpura 
(1.T.P.) may remit and be symptom-free during 
pregnancy, there was nothing to suggest this 
possibility in any of these mothers. 

A marked reduction in megakaryocytes was a 
common feature in all three marrow examinations 
made during the early thrombocytopenic stage and 
this was unassociated with any general hypoplasia. 
This congenital hypoplasia of megakaryocytes 
accompanied by the morphological features already 
described suggests that the term ‘congenital hypo- 
plastic thrombocytopenia’ may reflect the true 
nature of the condition and be a real entity (Hauser, 
1948: Landolt, 1948). It is of some significance 
that Case 1 did in fact have other congenital lesions 
and that megakaryocytes appeared in normal 
numbers coincident with recovery. The familial 
incidence in Cases 3 and 4 is also compatible with a 
congenital aetiology, although in the first of these 
the finding of a platelet auto-antibody suggests some 
immune mechanism, as is often seen in chronic 
1.T.P. In the latter condition, megakaryocytes are 
characteristically plentiful in the marrow, and their 
paucity must be a strong point against this diagnosis. 
However, in two reported cases (Whitney and 
Barritt, 1942; Finn, 1944) of neonatal purpura 
occurring in infants of mothers with LT.P., pre- 
sumed but not proved to be due to an immune 
mechanism, the infant’s marrow was found to be 
deficient in megakaryocytes at autopsy. There was 
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no suspicion of I.T.P. in the history of the mother 
of Case 3; she was also the mother of Case 4 and in 
each pregnancy her platelet count was normal. In 
both infants the somewhat late onset of symptoms 
(the fourth and eleventh day after birth respectively) 
also suggests that the cause was not related directly 
to the mother. It must be admitted that the serum 
of the elder child in this family (Case 4) was not 
tested for platelet antibodies at or shortly after 
birth. There was only a negative result at 34 years 
of age, long after the thrombocytopenia nad sub- 
sided, and this must be regarded as inconclusive. 
It is possible that these two children could be 
instances de novo of familial idiopathic thrombo- 
cytopenic purpura, although the marrow finding in 
the younger child is against this, and it is very 
unusual for this disease to manifest itself at such 
an early age. 

Most cases of congenital hypoplastic thrombo- 
cytopenia recover rapidly and even spontaneously, 
although the administration of prednisolone in 
Cases 1 and 2 appeared to result in a rapid rise in 
the platelet count. Even in Case 3, where the 
megakaryocytic hypoplasia was associated with the 
demonstrable presence of a platelet antibody, 
recovery was rapid and unaided. The degree of 
megakaryocytic hypoplasia is probably an impor- 
tant factor in recovery since in the virtually complete 
amegakaryocytic types described by Greenwald and 
Sherman (1929), Bell, Mold, Oliver and Shaw (1956) 
and Emery, Gordon, Rendle-Short, Varadi and 
Warrack (1957), the outcome was fatal, there being 
no response to cortisone or splenectomy where this 
was tried, and there were other congenital malforma- 
tions. In spite of the good prognosis in congenital 
thrombocytopenic purpura, provided the infant has 
survived the trauma of birth and provided the 
condition is not secondary to some infection, there 
is always the remote risk of the serious complication 
of intracranial haemorrhage, particularly when the 
platelet count is at a very low level and showing no 
tendency to rise. It is this hazard which makes 
treatment important. The chances of therapeutic 
success with either cortisone or splenectomy will 
depend ultimately on the degree of megakaryocytic 
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hypoplasia and should be tried in this order. If 
megakaryocytes are completely lacking no beneficial 
effect can be anticipated and splenectomy is contra- 
indicated. : 


Summary 


Four babies with congenital thrombocytopenic 
purpura, whose mothers were apparently normal, 
have been reported. No agglutination was demon- 
strable between the sera of these mothers and the 
platelets of their babies. A platelet agglutinin was 
found in one infant. The marrow findings in three 
of the cases pointed to a congenital hypoplasia of 
the megakaryocytes, and in one instance a return 
to normal numbers and morphology concurrent 
with recovery was noted. 


We wish to thank Dr. C. F. Harris and Dr. A. W. 
Franklin of the Paediatric Department of St. Bartholo- 
mew’s Hospital, London, for permission to record’ 
these cases which were under their care, and we are also 
indebted to Miss B. Kirk for technical assistance in the 
haematological investigations. 
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Although the occurrence of bone changes in 
von Recklinghausen’s disease is uncommon, the 
incidence is difficult to determine, as mild cases are 
less likeły to seek advice, particularly if the disease 
is already in the family. Holt and Wright (1948) 
thought it was greater than a previously estimated 
figure of 7%. 

Of the bony deformities, scoliosis appears to be 
the commonest. Weiss (1921) described 15 cases 
of neurefibromatosis, all of whom had scoliosis. 
Brooks and Lehman (1924) studied seven cases 
with bone changes and found that all had scoliosis. 
They suggested that the lesion began with a neuro- 
fibroma cf the periosteal nerve, and that this set up 
a reaction in the vertebra with bone destruction and 
regeneration. If actively bone-forming periosteum 
covers the tumour, a thin shell of bone forms over it 
and gives a cystic appearance. Weber (1930) des- 
cribed further cases and discussed various aspects 
of newrofibromatosis. Hagelstam (1946) reviewed 
- the literature and collected 37 cases with deformity 
of the spine: two were in the cervical region, 20 in 
the upper and mid-dorsal regions and 15 in the 
dorsolum>ar spines. Holt and Wright (1948) 
reviewed 127 cases of neurofibromatosis of which 
29% showed skeletal involvement. The bone 
lesions consisted of erosive defects, scoliosis, growth 
disorders, bowing and pseudoarthrosis of the lower 
leg, intreosseous cystic lesions and associated 
Anomalies. McCarroll (1950) found 19 cases of 
scoliosis in 43 cases with bone involvement. 

Below are case reports of five children with 
neurofsbromatosis of the spine. 


Case Reports 


Case 1. This girl was first seen at the age of 16 
months on account of a ‘bump in the back’ which had 
been noticed from the age of 3 months. She was able 
to say several words with meaning and had learnt to sit 
without sudport at 10 months. She was unable to walk. 

The father, who was the youngest of 17 children, and 


Fic, 1.—Case 1, aged 16 months. 
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his father had von Recklinghausen’s disease, but as far 
as we could tell the father’s siblings were unaffected. 
We did not, however, examine them. Our patient was 
one of two children, both of whom had the disease. 

On examination the girl presented the typical appear- 
ance of von Recklinghausen’s disease with involvement 
of the vertebrae (Figs. 1 and 2). There were large 
pigmented and nodular areas in the groins (Fig. 3) and a 
severe kyphosis of the upper lumbar spine with chest 
deformity. Radiographs showed upper lumbar scoliosis 
with increased density and translucent areas in the 
anterior and posterior surfaces of the vertebrae (Fig. 4). 
There was considerable widening of the neural canal, 
suggesting the presence of a tumour mass. There was a 
spastic paraplegia with exaggerated tendon jerks, 
bilateral ankle clonus and a bilateral extensor plantar 
response. The neurosurgeon was not prepared to 
operate. 

The girl subsequently put words together into sentences 
at 2 years and walked without help at 2 years and 3 
months. At the age of 5 years she developed a headache, 
mainly occipital, and ataxia. She became drowsy and 
could no longer walk. On examination bilateral 


papilloedema was found, and a diagnosis of intracranial 
She died at home. 


neurofibroma was made. 








Fic. 2.—Case 


1, aged 4 years. 
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Fic. 3.—Case 1, showing pigmented and nodular areas in groins. 





Fic. 4.—Case 1. 





Fic, 6.—Case 2, close-up photograph of affected skin. 


NEUROFIBROMATOSIS OF THE VERTEBRAL COLUMN 


`~ 

Case 2. This girl was under the care of an ortho- 
paed surgeon from the age of 6 months on account of 
dorsclumbar kyphosis. She was referred to a paedia- 
trician at the age of 12 years because of cyanosis and 
dyspmoea on exertion. She had been brought up in a 
child-en’s home from the age of 6 months having been 
neglected by the parents. The family history was 
unknown. 

On examination at the age of 12 years there was a 
severe kyphosis maximal in the lower thoracic region 
(Fig. 5). There was widespread brown discolouration 
of the skin involving the lower half of the trunk, buttocks 
and dart of the thighs. The skin in these areas was 
raisec and pedunculated (Fig. 6). No other abnormal 
physical signs were found. 

A radiograph of the vertebrae showed exaggerated 
pédicies (Fig. 7) and that of the left femur showed patchy 
calcifcation and cortical destruction (Fig. 8). A chest 





FIG. 8. 


FIG. 7. 


Fics. 7 AND 8.—Case 2. 


radiograph was normal and it was concluded that the 
respiratory symptoms were due to thoracic deformity. 
Skin biopsy confirmed the diagnosis of neurofibromatosis. 


Case 3. (Figs. 9-11.) Swellings of the neck were 
oyced im this boy at 11 months. At the age of 14 
ths he was seen at the Leeds General Infirmary. 
Thtre was a bilateral cervical adenitis with mottling of 
the skin. A radiograph showed collapse of the body of 
the fourth cervical vertebra. The tuberculin test was 
negat-ve. Biopsy of the gland mass gave the appearance 
of a reurofibroma. 

He was immobilized on a plaster of paris bed with 
headpiece from 2 years 2 months to 5 years 10 months, 
by which time the neck was grossly swollen by a nodular 
mass which in places infiltrated and reddened the skin. 
The grea was generally freckled and pigmented and on 
the trunk there were café-au-lait patches. Radio- 
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Fic. 9.—Case 3. 





Fic. 10.—Case 3. 


logically the condition of the neck was remarkable in that 
between the trachea and vertebral column there was a 
mass which had not pushed the trachea forward but had 
occupied a concavity of the cervical kyphosis as if it were 
responsible for the condition of the latter (Fig. 11). 
There had, however, been no specific change in the bones 
of the cervical vertebrae. An attempt was made to 


156 


ARCHIVES OF DISEASE IN CHILDHOOD 





Fic. 11.—Case 3. 





Fic. 12.—Case 4, aged 6 years. 


excise the mass at the age of 6 years 1 month but this.was 
unsuccessful. The boy subsequently attended a school 
for physically handicapped children. 

At the age of 15 years his height was 484 in. (1-21 m.) 
and his weight 48 lb. (21-8 kg.). He could walk fairly 
well but did not run. His appetite was good and he 
went to camp with the scouts. 

FamiLy History. The mother felt on her face and 
body numerous painless nodules resembling neuro- 
fibromata. She remembered that they had appeared 
after an attack of ‘erysipelas’ at the age of 16. 


Case 4. (Figs. 12-14.) Light brown spots were 
noticed on the trunk and thighs of this child between the 
ages of | and 3 years. They became more numerous and 
at the age of 6 years it was noticed that the back was 
curved. z 

On examination there were many café-au-lait macules 
up to the size of 3 cm., mainly on the trunk. There was 
a mid-dorsal scoliosis with convexity to the right. This 
could be passively but not actively reduced. 

There was a gradual increase in the deformity in spite’ 
of orthopaedic treatment. 





Fic. 13.—Case 4. 





rs. 
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Case 5, 


IG. 16. 


F 





5 


17.—Case 


FIG 


16 months. 


g 


a 


, age 


5 
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FAMILY HISTORY. 


as had a paternal uncle an 
daughter. : 


The father had had brown spots, 
“the paternal uncle’ s only 








chest in the region of the ipp e when tt 
16 months old (Fig. 15). Wh 3 
lump was noticed on the right side of the ch 3S 
iorly (Fig. 16). : 
Examination at the age of 2 years showed: tha there 


Joster- 


was a scoliosis with the upper convexity to- the left, the 
lower convexity to the right (Fig. 17). This largely 
Over. the 
trunk several café-au-lait patches were seen ranging from 


disappeared when the child was lifted up. 
the size of a florin to a pea. No other skeletal ad 
was noticed, 

There was a gradual increase of the deformity i in spite 
of physiotherapy. 


Famity Hisrory. The mother was alleged to have 


been born with, or at all events to have developed shortly. 
after birth, many coloured patches like those on the — 
child. After the patient’s birth soft snes had appeared 


on her body, too. 


Discussion. 
The changes in the vertebral column are of grave 
significance. Apart from a tendency to undergo 
malignant change, the lesions are progressive over 
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at least several years, reddit the patient toa crf 

The diagnosis of neurofibromatosis. may not be - 
obvious if the skin lesions are minimal. In infancy 
there may be only one or two café-au-lait spots and 
several years may elapse. before they become more 
numerous and prominent. | While large subcutan- 
eous masses are relatively frequent in infancy, the 
small polyp so characteristic in the adult is usually 
absent. The mother of Case 3 remembered that her 
nodules appeared at the age of 16 following an 
attack of erysipelas. The mother of Case 5 noticed 
the ‘soft lumps’ on her body after the birth of the 
patient. 

In view of the grave prognosis, the diagnosis of 
neurofibromatosis should be considered in any case 
of unexplained scoliosis. 
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eee Several difficulties were experienced in the diag- 
oh nosis atd management of the two cases which we 
are resorting. This was due to a lack of detailed 
__knowlzdge of these tumours, which in turn was due 
‘to the absence in th - literature of any adequate 
description of them and especially of their clinical 
features and treatment; this despite the three 
reviews which have so far been published (Saphir, 
1929; Pusch and Nelson, 1935; Bale, 1950). 

It is the object of this paper, therefore, to present 
a description, gleaned from reviewing the literature 
and from our own experience, of these tumours, 






Definition 

Teratomas of the neck are benign cystic, semi- 
cystic or solid tumours derived from the three germ 
layers. They are most commonly present in the 
foetus in utero, are sometimes associated with 
hydramnios and occasionally cause obstruction to 
labour. The infant may be full-term or premature; 
it may be stillborn, but is frequently alive at birth. 
The tumours often cause interference with respira- 
tion or swallowing at birth. Sometimes the 
tumours only become manifest later in infancy or 
childhood and rarely they may appear in adult life, 


























their clinical manifestations and management. The in which case they are usually malignant. 
TABLE | 
r SUMMARY OF FINDINGS REVIEWED AND REPORTED BY SAPHIR AND BALE 
; | | Thyroid Art- 
Author : Sex i Thyroid Brain Thyroid ‘Displacement’ | Hydramnios | Operation eries Enter- 
` Tissue Tissue | Gland of oe Gland | | poorne ing Tumour 
mi F. E Yes, N No No Yos No | No | Pre- Ab- No. “Yes No | Doubt- "No. Yes No | Nol Yes No. No Def- Doubt- No 
BOE Š bas sent | | sent Ref. | ful Ref. ; Ref. Ref. in- ful Ref. 
o) 6 | 7) 4) 42)44117/13]} ©} 2] 3 iz 
1) 911] 7218] 5:23; 2] 5) Noe à niri: 2 | BL Of 8) nnno BE 0o x 


| mentioned 


re ported) >n Fs 





two case reports illustrate the problems which can 
arise in dealing with these cases and add to the 
literate, which is not large. 
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oo Hey Hospital, Liverpeol. e 






159 


The tumours, which appear in the newborn 
infant and cause interference with respiration and 
swallowing, present as an urgent matter for diagnosis 
and treatment. This should not be a dificult 
problem, as will be shown, and the mortality from 
excision of the tumour is low provided that surgery 
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SUMMARY OF CAS 














































































































Noa. | Author and Year | Age Sex | Race N Thyroid Tissue | Brai 
1 Marescot (1945) TS yr. NR NR “Follicles with colloid’ NR. 
nnn ann nner teat eg acs ky eta |e i Cees pe ee ae sentence ten a a acca ore 
2 Lantuéjoul and Truffert (1946) | Birth F. NR Yes N.R. 
E at E 
3 | Hellmuth (1950) | Birth : M. N.R NR | Yes 
naaa | SAAN AAR SSE AMER LATA Ata nee Mhagama aane aeaaaee ieee E E 
4 Pozzi ( 1950) : Birth | M. | N.R Yes; near capsule i Yes 
i Í ; 
| | ot ees eee = =o 
5 we White and Gosselin (1952) - | Birth | M. White | “Yes: near capsule also | Yes 
6 “Mc McGoon (1952) | Birth i F. Negress : N.R. | Yes 
Case | ! | | ~ | 
; } i DEN Zz 
7 | Case 2 | Birth i M. | Negro NLR. | Yes 
| 34 wk prem. | i ; 
8g Case 3 | 28 mth | M. | Negro _ ‘Gland structures in capsule’ | Yes 
9 | Case 4 Birth | M. | N.R. NR. t O | Yes 
10 T Salviati and Savegnago (1952) | Birth NR. N.R, NR | Yes 
l1 care and Pautler, (1953) | Birth l F. | NR p in capsule also Yes 
| | ECE SO” Wi os, Te 
12 a | Ouesiciee | | Birth | M. NR | Yes; beneath capsule Yes 
13 Hinds, "Seybold and Walker ( 1954) _ Birth l N.R. ! Negro | Ye Yes 
14 | Buckwalter and Layton (1954) | 28 yr. O E NR ONR. Yes 
| EE, ee eee, Sonera 2 Cerern tome ener ener een 
15 | Kresse (1954) | Birth : M. NR NR. N.R 
16 i) | 4 yr. M. TNR Yes Yes 
17 | Malaspina and Somaglino (1955) | Birth M. | N.R N.R. N.R 
18 FF Kaminek and Tomik 1957) ii | Birth | F, NR NR. Yes 
- — 27 wk. prem. | i a I 
19 "Salas, Esparza, Angulo and. Castafieda ee Birth | F, : N.R : NR Yes 
20 aaa | Birth KK W. African NR. Yes 
: | | _ Negress oo Rs 
21 "Silberman and Mendelson (1960) Case Í | Birth | M. White : Yes l No 
22 | Case 2 | Birth F. White | Yes mente nee 
| _ pve 





is undertaken before deterioration in the condition 
of the infant has occurred. 


Incidence 

Saphir (1929) reviewed 29 cases and added one 
of his own. Bale (1950) reviewed 26 additional 
cases and added four of his own (Table 1). We 
have collected 20 previously unreviewed cases 
(Table 2) which include a case (Marescot, 1945) 
mentioned but not included in Bale’s review (the 
second case in Marescot’s paper is not included 
because of lack of histological confirmation of the 
nature of the tumour), a case omitted by Bale 
(Lantuéjoul and Truffert, 1946) and 18 other cases. 
There is therefore a total of 82 cases in the literature 


to date, including the two reported in this paper. 
These tumours are not quite as rare as might be 
thought when compared with the number of 
reported cases of teratoma in other sites, e.g. reroll 
peritoneal teratoma (59 cases up to 1949) or med} & 
tinal teratoma (245 cases up to 1945), but these 
included dermoids and epidermoids as well as 






teratomas. (These figures are quoted by Gross, 
1953.) ) 
Case Reports 
Case 1. A full-term white male infant was admitted 


to Hope Hospital, Salford as an emergency on April 25, 
1957, having been born at home three hours earlier. The 
mother, aged 28 years, had had two previous normal 
deliveries, Pregnancy 2 this case was normal; labour 
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Signs and Symptoms Treatment and Results 











: res | TN. R. : Operation at 36 yr.; no reference to result 
oie | Yes : | Dyspnoea and apnoea | | Operation eighth day; no anaesthetic; died post-operatively 


paree amme a 


. Operation at 3 days; post-operative jaundice; well at 2 mth. 


[Senso a A E REE EEANN EES NE A A A E. EET ae ne a 


_ Died shortly after birth 


mem meamna AA eaa T maaana: 


ii 

: Vomiting; dyspnoea È : Excision at 3 days; > well at 7 mth. 
| 
| 
| 
! 





Fever, hoarseness and anorexia at 6 mth.; Treatment of pneumonia died 2 wk. later 


bronchitis and pneumonia 


| Difficult respiration and respiratory infec- | 


| tion at 8 mth. 


| 
H 
: AN | 
Cyanosis; weak respiration | Died 1 hr. after birth 
| Operation and post-operative ONO well 3 wk. later 
| 


| Caecostomy for imperforate anus; died 2 wk. later 











j N.R. | Vomiting; respiratory distress 
lobe seen NR. | “Asphyxia; feeding difficulties at birth, then | , Operation (local | anaesthetic) at t 40th day; temporary post-opera- 
= | | asymptomatic | tive paralysis of vocal cord; well thereafter 
right lobe | No None Excision 6th day; poskoperiniye temporary paralysis of vocal 
i i : | cord; well at 44 mth 


a tö superior mole oe | Enucleation at 3 wk.; well at 6 wk. 


| Excision at 3 yr; aneventful recovery 


eimina merean a} i [Soren mne i j eea aa a 


: Total thyroidectomy and radical neck dissection; post-operative 














i absent; eur Yes 


0o line medially well into the posterior triangle. 
















d teft | radiotherapy and 13 I treatment; died of metastases ił yr. later 
B a = ante —— Died shortly after birth 

| N.R ie N.R dica Excision at 46 yr. _ 
toin positioy of | N.R. | None “Operation at 74 mih.: no 1 reference to result 


5 meere enaren annaran | imeem nenanem eenenaana a ana È H 


i 
l 
tto right lobe | p 




















_ Died $ hr. after birth 











|I N.R. | Cyanosis at birth; “dyspnoea; respiratory " Tracheostomy and cardiac massage at 63 wks.; died 
. | | infection and atelectasis at 6} wk. 
> | N.R. j Slight stridor at 4 mth. | _ Enucleation-excision at 4 mth.; well 1 wk. later : 
inot seen No | “Dyspnoea and cyanosis at birth “Excision 6 hr. after birth; well at 2 mth. 
h P oe an i | Rapid respiration; retained secretions; | | Excision at 4 days; died 2 days later; bronchopneumonia 
ae | | ‘moist’ chest : 


lasted pproximately 10 hours and was reported by the 


-o midwife ir attendance as having been uncomplicated. 


< -Both parents were healthy and there were no known 
oo famijal diseases. 

Gre fant, who was well developed, was extremely ill 
Wit® very rapid respiration which was ‘grunting’ in 
character; there was deep cyanosis and marked rib 
recession; the heart and lungs were normal. The rest 
of the seneral examination was negative. 

EXAMENATION CF Neck (Figs. 1 and D. There was a 
spherical tumour about 7-5 cm. in diameter situated on 
_. the lef- side of the meck extending from the parotid 
<. region above to the clavicle below and from over the mid- 
It was 
hard, without aay cystic areas, and its surface was 
bosselatied. The skin over moo surface of the tumour 






was freely mobile. On its deep surface the tumour 
appeared to have some attachment in the vicinity of the 
larynx and thyroid gland but was only loosely attached 
elsewhere so that the entire tumour was mobile in all 
directions and hung down over the anterior chest wall 
because of its weight. The left pinna was displaced 
upwards and the left half of the body of the mandible 
appeared to be displaced upwards. The larynx and 
trachea were obscured by the medial border of the tumour. 
The infant was placed in an incubator and given 
continuous oxygen with some improvement but soon 
became again deeply cyanosed and limp and appeared to 
be moribund. Coramine 0-5 ml. and eucortone 0-5 ml. 
were given intramuscularly and oxygen was given by 
face mask with marked improvement, but the respiration 
nevertheless remained difficult and cyanosis persisted. 


a CARRE AR me aed 


eg ree pet = Ser cerns eee” 
d RSSA 


etd a 





Fic. 1. 


A radiograph of the neck (Fig. 3) showed the presence 
of a soft tissue tumour on the left side of the neck; there 
was no calcification of the tumour. The trachea was 
compressed antero-posteriorly; the left half of the 
mandible showed an absence of the normal angle 
between body and ramus and these two formed a straight 
line from the symphysis menti to the base of the skull. 
The chest was normal. 

Tracheostomy was not possible because the tumour 
overlapped the midline. Excision of the tumour 
appeared to offer the only possible chance of success. 
A tentative pre-operative diagnosis of congenital malig- 
nant tumour was made. 

OPERATION. This was undertaken about three hours 
after admission under general anaesthesia with endo- 
tracheal intubation. A curved skin incision was made, 
medial and lateral skin flaps were raised and the tumour 
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Fics. 1 and 2.—Case 1. 
Lateral views of tumour. 


FIG. 2. 


was dissected out of its bed with ease because of the` 
well defined capsule and the lack of attachment except 
in the vicinity of the larynx and thyroid gland, where 
careful dissection was necessary. It was not possible to 
ascertain whether the blood supply of the tumour 
originated in the thyroid arteries or not. No attempt 
was made to identify the thyroid gland. Haemorrhage 
during the operation was minimal. The wound was 
closed with interrupted skin sutures and a Penrose drain 
was brought out through the wound. The operation 
was well tolerated. 

The drain was removed after 48 hours and the skin 
sutures on the eighth post-operative day. There were 
no respiratory difficulties except for stridor, whigh 
appeared if the infant was disturbed. Cyanosis did 
not recur. 

The infant was discharged after three and a half weeks 


Fic. 3.—Case 1. Lateral radiograph showing 
soft tissue shadow, compression of trachea and 
absence of angle of left mandible. 


Fic. 4.—Case 1. Post-operative view of neck. 
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in hospital (Fig. 4), having gained weight progressively. 
The wound was well healed, breast feeds were being 
taken normally and there were no respiratory difficulties. 

The infant was asymptomatic and healthy when seen 
at follow-up two months later. 


APPEARANCE OF GROSS SPECIMEN. This was an almost 
spherical, solid tumour measuring 7:5 < 6:5 x 6:5 cm. 





Fic. 5.—Case 1. Photomicrograph showing cartilage in its lower 


half. 


- 


It was greyish-white in colour and the surface was 
irregular and lobulated. The tumour was well encapsu- 
_ lated. 
The cut surface was firm and fibrous with scattered 
areas cf what appeared to be cartilage. 
‘ MICROSCOPICAL APPEARANCE (Figs. 5 and 6). 
G. J. Crawford (Hope Hospital) reported: 


Dr. 


‘Tae tumour is well circumscribed and in places has 

a thn fibrous capsule from which fibrous trabeculae 
run inwards. In several places compressed thyroid 
tissu is present in the capsule; groups of thyroid acini 

1 are elso seen in the tumour, strands of epithelial cells 
„ad a small island of squamous cells. About half the 
mcur is composed of fairly cellular fibrous tissue, 
about one-third of cartilage and the remainder of small 
areas of myxoid tissue and fat. There is one small 
area of undifferentiated mesenchyme in which two 
mitoses were observed. In many of the sections there 
are scattered foci of haemopoiesis; some of these are 
associated with fat and thin-walled blood vessels asin 
bonemarrow. The tumour is well supplied with blood 
vessels, mostly capillaries. No nerve tissue was found. 
All tae tissues in the tumour are either found normally 
in this area or could be formed from the local mesen- 
chyme. I consider that it is a malformation (hamar- 


to i 
me) e 


a 
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The tumour was shown to the Children’s Tumour 
Registry of the University of Manchester whose panel 
of pathologists kindly examined the sections. Their 
reports and comments are, with their kind permission, 
given below. 





Fic. 6.—Case 1. 


Photomicrograph showing thyroid follicles. 


Professor A. C. P. Campbell (University of Man- 
chester): 


‘Either a teratoma or a mixed tumour of ectopic 
tracheo-bronchial anlage. I think it is more probably 
the latter; all the tissue elements present are com- 
patible with a tracheal origin (explaining the squamous 
epithelium as metaplastic). It appears benign.’ 


Dr. Agnes R. Macgregor (Royal Hospital for Sick 
Children, Edinburgh): 


‘The tumour is composed of a mesoblastic tissue 
among which are many masses of cartilage. The 
mesoblastic tissue varies in character from a moder- 
ately cellular collagenous tissue to virtually undifferen- 
tiated mesenchyme, in which mitoses are numerous; 
there are also myxomatous areas. There are atrophied 
thyroid vesicles at the periphery and epithelial acini, 
probably of thyroid tissue, appear here and there in the 
substance of the tumour. No other varieties of tissue 
are identified. 

Inference: It may be a teratoma, but as the epithelial 
elements appear to be thyroid tissue and all the other 
elements are mesoblastic, it seems to fit very well the 
description of the “mixed tumour of the thyroid” 
mentioned by Willis in Pathology of Tumours, 1948, 
p. 616. The less differentiated parts are histologically 
malignant.’ 
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Dr. H. Marsden (Royal Manchester Children’s 
Hospital): 


‘There is loose mesenchymal tissue with spindle 
cells and numerous islands of cartilage. In addition 
follicles lined by cuboidal epithelium and containing 
eosinophilic material are noted. The latter resemble 
thyroid follicles. The picture is that of a benign 
teratoid tumour.’ 


Dr. H. Russell (Christie Hospital, Manchester): 


‘A defined mass of anomalous mesenchyme in 
which well-formed cartilage is conspicuous. There 
appears to be a rim of thyroid tissue closely applied 
to its periphery. An anomaly of development of the 
branchial arches.’ 


R. A. Willis (Prof. Emeritus, University of Leeds): 


ʻA most unusual tumour, composed of moderately 
cellular vascular mesenchyme with many areas of 
chondrification, in which some thyroid vesicles and 
tortuous epithelial strands are incorporated. Thyroid 
tissue is also present around its well-defined margin. 
The two possibilities are (I) teratoma, and (H) a 
chondromatous hamartoma of the thyroid; because 
of the incorporation of thyroid tissue, I incline to (II). 
But further sections should be made, in search of other 
teratomatous tissues. In my opinion the growth is 
probably benign.’ 


Even though no uniformity of opinion has been 
expressed by the panel of pathologists, many of 
them classified the tumour as a teratoma. For this 
reason and also because of the extremely close 
resemblance, both clinically and pathologically, of 
this tumour to the cases previously reported in the 
literature as teratoma of the neck, it has been 
thought quite justifiable to classify it as such. 


Case 2. A full-term white female infant was admitted 
to Memorial Hospital, New York, on June 28, 1949, 
having been born elsewhere 21 hours previously. The 
mother, a 28-year-old primipara, had persistent nausea 
throughout the pregnancy which was otherwise unevent- 
ful. Labour lasted 20 hours and the infant was delivered 
by mid-forceps because of a persistent occipito-posterior 
position. The weight at birth was 7 lb. 4 oz. The 
infant had required suction of the mouth and pharynx at 
birth because of an accumulation of secretions; she had 
vomited fluids given to her by mouth. 

The infant was well developed and was in mild distress 
from accumulated secretions in the pharynx. Respira- 
tion was 44 per minute, heart rate 144 per minute and 
temperature 99° F. There were numerous rhonchi in 
the left lung anteriorly. The rest of the general examina- 
tion did not reveal any other significant findings. 


EXAMINATION OF NECK (Figs. 7 and 8). There was a 
firm, rounded, mobile mass about 14 cm. in diameter 
situated in the left side of the neck. It extended from 
the midline of the neck into the posterior triangle; 
superiorly it extended onto the face and reached the level 
of the external auditory meatus. Inferiorly, it extended 
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Fic. 7.—Case 2. 
Anterior view of tumour. 


Fic. 8.—Case 2. 
Lateral view of tumour. 


to the root of the neck. The head was displaced to the 
right. There were a few dilated vessels on the surface 
of the mass. The anterior part of the mass appeared to 
be cystic but the rest of the tumour was solid. 


INVESTIGATIONS. A blood count and chemical and 
microscopical examinations of the urine were normal. 

A chest radiograph was normal. 

A radiograph of the neck (Fig. 9) showed that the 
tumour contained multiple areas of calcification; the 
trachea, larynx and oesophagus were normal. 

The tumour was aspirated and found to be multi- 
locular; 50 ml. of sero-sanguinous fluid was obtained. 

The infant took glucose feeds but vomited frequently; 
her weight dropped to 6 lb. 6 oz. There were periods of 


" | - 


- 
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Fic. 9.—Case 2. Lateral radiograph showing calcification in tumour. 
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cyanosis and difficulty with respiration, which required 
frequert suctioning. It was decided that an emergency 
operation would be necessary. The pre-operative 
diagnosis was between cystic hygroma, branchial cleft 
cyst and dermoid cyst. 


OPERATION (JULY 1, 1949). Without anaesthesia, an 
H-shaped incision was made and the tumour was 
dissected from its bed and removed with its capsule 
intact. The origin of the blood supply of the tumour 
was not accurately identified and the thyroid gland was 
not visualized. The skin was approximated with fine 
nylon sutures and a Penrose drain was brought out from 
the woind. The operation was well tolerated. 

The mfant was placed in a steam tent with oxygen and 
was given injections of penicillin. She was given tube 
feeds because she was unable to take oral feeds, but some 
regurgi-ation occurred. Thirty-six hours post-opera- 
tively her-temperature rose and she developed massive 
consolidation (or collapse) of the left lung and broncho- 
pneumonia of the right lung. Her condition deteriorated 
rapidly and she died on the second post-operative day. 


Autopsy (JULY 4, 1949). This showed that death was 
due to bilateral severe broncho-pneumonia with abscess 
formation; aspirated material was present in a few of the 
bronch. The thyroid gland, which was grossly normal, 
was removed and found to be histologically normal. 
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Fic. 10@—Case 2. 


Operative specimen. Note excellent capsule. 


APPEARANCE OF GROSS SPECIMEN (Figs. 10 and 11). 
A well-encapsulated, grey-tan rounded tumour measuring 
7:56 55-5 cm. was found on section to consist of a 
large cystic cavity containing bloody fluid into which 
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projected a mass measuring 5:5 *5*4cm. The lining 
of the cyst was grey to grey-tan in colour and contained 
a few yellow-grey plaques up to 3 mm. in diameter. The 
sectioned surface of the mass was made up of innumerable 
tiny thin-walled cysts measuring from 1-10 mm. in 
diameter. These cysts contained clear mucoid material. 
Scattered throughout the mass were areas of calcification 
up to 8 mm. in diameter. 





Fic. 11.—Case 2. Cut surface of tumour. 


MICROSCOPICAL APPEARANCE (Figs. 12-14). The 
tumour was found to be a benign teratoma which 
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Fic. 12.—Case 2. Photomicrograph showing choroid plexus. 
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contained cysts lined with squamous, cuboidal or 
columnar epithelium; other cysts contained papillary 
projections. Bronchial epithelium, smooth muscle, 
immature cartilage and embryonic connective tissue 
were identified. Thyroid follicles and brain tissue 
(nerve fibres, glia, choroid plexus) were also in evidence. 


Discussion 


Nomenclature. Attempts have been made in the 
past to define which tumours should be called 
teratoma of the thyroid gland and which should be 
called cervical teratoma. 

Saphir (1929) stated that if the thyroid gland was 
absent the tumour was a thyroid teratoma, but that 
if the thyroid gland was present the tumour was a 
teratoma of the neck. These criteria, we think, are 
basically sound but require further elaboration and 
clarification. 

Bale (1950) disagreed with Saphir’s method Qf 
classifying the tumours and instead proposed a more ° 
complicated nomenclature, viz. (a) teratoma of the 
thyroid gland if the thyroid arteries supplied the 
tumour; (b) teratoma of the neck in the region of 
the thyroid gland if the tumour replaced all or part 
of the gland; and (c) teratoma of the neck, probably 
Fic. 13.—Case 2. Photomicrograph showing cartilage. in the region of the thyroid gland, because of the 
general appearance of the tumour. This classifica- 
tion suffers from several objections. Firstly, the 
fact that the thyroid arteries supply the tumour 
cannot be accepted as evidence that the tumour has 
its origin in the thyroid gland; these arteries supply 
many structures other than the thyroid gland and a 
tumour supplied by them may have arisen from any 
one of these structures, e.g. parathyroids, larynx, 
soft tissues. Secondly, very few reports in the 
literature mention the blood supply of the tumour 
and hence are unclassifiable on Bale’s - criteria. 
Thirdly, in carrying out an emergency procedure for™ 
a cervical teratoma on a newborn infant, it would be 
extremely unwise to search for the thyroid arteries 
if they were not easily visible (this obviously does 
not apply to autopsy specimens). Finally, the 
creation of three categories of tumour, as proposed 
by Bale, appears cumbersome and unnecessary. 

We propose that the tumour be referred to as a 
cervical teratoma unless it fulfills the following 
criteria, in which case it may be called à true 
teratoma of the thyroid gland. The teratoma is 
situated in the position of the thyroid gland and in 
addition (a) the thyroid gland is present and the 
tumour occupies a portion of it; or (b) the thyroid 
gland is only partially present, but the tumour is in 
direct continuity with it, the two forming one mass; 
: or (c) the thyroid gland is completely absent and the 
Fic. 14.—Case 2. Photomicrograph showing thyroid follicles. tumour replaces the gland entirely. 








TERATOMA OF THE NECK 


Wher. a teratoma is adjacent to, but not in direct 
continu ty with, a thyroid gland which may be only 
partially present, then the tumour cannot be 
classified as a true teratoma of the thyroid gland 
because the tumour may well have arisen outside 
the glard and given rise to atrophy of the gland by 
pressure. 

The presence or absence in the tumour of thyroid 
tissue is of no particular value in classification since 
by thei> very nature all teratomas are capable of 
producmg a wide variety of tissues, and thyroid 
tissue is no exception. 

Accodingly the following cases which have 
appeared since 1945 should be referred to as true 
thyroid teratomas: Cases 2, 4, 12, 14, 17 and 18 (see 
Table 23%, possibly Cases 5 and 13 (see Table 2) and 
Bale’s (0950) first three cases. 


Age. The age distribution in 79 of the 82 cases 
- reported to date in which age is mentioned is seen 
in Fig. b5. 


390 





Fic. 15.—Age distribution of 79 cases. 


A 
B 
C 
D 
E 
F 
G 
H 


=live premature infants 
=stillborn premature infants 
=live full-term infants 
=stillborn full-term infants 
=birth to 1 month 

=1 month to 1 year 

=| year to 15 years 


=adults n 
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Neither Saphir’s (1929) nor Bale’s (1950) reviews 
state whether they refer to the date of appearance 
of the tumour or the age of the patient when first 
seen. Nevertheless, it can be presumed that most, 
if not all, of the cases up to | month old and many 
of those up to 1 year old had the tumour at birth. 
In those cases which we have collected we have 
taken care to utilize the age at appearance of the 
tumour and not the age of the patient when first seen. 

In any case, it can be seen from Fig. 15 that the 
majority of tumours were present at birth although 
some do not appear to present until later. The 
tumour is rare after the age of 1 year. 


Sex. The sex of the patient was mentioned in 
61 cases out of 82 in the literature, of which 30 were 
females and 31 were males. 


Race. Although most of the tumours have 
appeared in white patients, they have also been 
reported in Negroes (Saphir, 1929; McGoon, 1952; 
Hinds, Seybold and Walker, 1954; Thomas, 1957). 


Histology. All varieties of tissue from the three 
germinal layers have been found in these tumours. 
Particular mention has been made in the past of 
brain tissue, which has been observed in 47 of 60 
cases of Saphir’s and Bale’s and in 17 of our 22 
cases, and also of thyroid tissue, which was present 
in 22 of Saphir’s and Bale’s 60 cases and in 11 of our 
22 cases (see Tables 1 and 2). 

The vast majority of tumours were benign on 
histological examination but, unfortunately, there 
has been no long-term follow-up on them. Four 
definite cases of malignancy have been reported to 
date. Three were mentioned by Bale (1950). The 
first was a 9-week-old infant, who died on the day of 
operation (Pupovac, 1896). The second was a 
53-year-old woman, who died of metastatic pul- 
monary sarcoma from probable malignant prolifera- 
tion of the teratoma (Lurje, 1908). The third was a 
41-year-old female, who died one month post- 
operatively of widespread metastatic sarcoma, 
probably originating in the teratoma (Fritzsche, 1920). 
The fourth case was reported in 1954 by Buckwalter 
and Layton. Their patient was a 28-year-old 
female, who died of metastases 15 months after total 
thyroidectomy and radical neck dissection. The 
tumour had caused progressive enlargement of one 
lobe of the thyroid gland for a period of six months 
prior to surgery. On histological examination it 
was found to have contained immature neural tissue 
and muscle as well as cartilage, mesenchyme and 
gland structures. 


Signs and Symptoms. The following remarks are 
based on a close study of all the cases reported since 
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1945 (see Table 2) and therefore include’ Bale’s 
(1950) four cases. | 

The majority of tumours were oval in shape; an 
occasional one was spherical. In size, except for 
Cavallero’s (1954) case, in which the tumour was the 
size of a nut, most of the tumours were between 
5 cm. and 12 cm. in their longest axis. When 
compared with the antero-posterior diameter of a 
newborn infant’s head, which is 10 cm. (approxi- 
mately), it can be appreciated that these tumours are 
quite large. 

Most of the tumours were situated on one or other 
side of the neck, usually extending up as far as the 
mastoid process and body of the mandible and often 
displacing the lobule of the ear upwards; many 
tumours reached the zygomatic arch. Posteriorly 
they usually reached the anterior border of trapezius 
and anteriorly they often crossed the midline for a 
short distance. The inferior border of the tumour 
was most frequently the clavicle but in two cases the 
tumour entered the mediastinum (Salas, Esparza, 
Angulo and Castafieda, 1957; Kaminek and Tomik, 
1957). In four cases (Lantuéjoul and Truffert, 1946; 
McGoon’s third case, 1952; Pozzi, 1950; Malaspina 
and Somaglino, 1955) the tumour was situated in the 
position of the normal thyroid gland and was 
mistaken for a congenital goitre. The tumour 
reported by Buckwalter and Layton (1954) was the 
only one which was palpated as a swelling in a lobe 
of the thyroid gland; but this tumour occurred in an 
adult aged 28 years who had a malignant teratoma. 

The consistency of the tumour varied. It was 
cystic, or partly solid and partly cystic, or entirely 
solid. However, in most instances fluctuant cystic 
areas were palpable. An occasional case was 
transilluminated. The surface of the tumour was 
usually irregular, being described as lobulated, 
bosselated or loculated, and the borders cf the 
tumour were usually well defined. 

In only a few case reports was the mobility of the 
tumour mentioned. In these cases the tumour was 
usually quite mobile as was the skin on the surface 
of the tumour. A few reports mentioned that there 
were collateral veins on the surface of the tumour. 

The cases which were not stillborn usually had 
acute symptoms at birth. These were cyanosis, 
dyspnoea, apnoea and stridor due to tracheal 
deviation and/or tracheal compression. In a few 
instances swallowing difficulties occurred. These 
symptoms often led to a fatal termination if early 
treatment was not undertaken (McGoon, 1952; 
Kaminek and Tomik, 1957). Occasionally, the 
infant was asymptomatic at birth and only several 
weeks or months later developed serious symptoms 
(McGoon, 1952; Salas et al, 1957) and in a few 


ARCHIVES OF DISEASE IN CHILDHOOD 


instances the tumour remained entirely asympto- 
matic (Otken, 1953; Hinds et al., 1954). 

The presence and degree of tracheal deviation and 
obstruction was often demonstrable radiologically. 
The radiograph also showed calcification of the 
tumour in a few cases, as occurred in our second 
case, in McGoon’s (1952) fourth case and in 
Thomas's (1957) case. 

Aspiration of the mass was performed in the case 
described by Lantuéjoul and Truffert (1946). They 
obtained opalescent fluid but were not able to 
empty the cyst of its contents, indicating its multi- 
locular nature. Our second case was aspirated and 
sero-sanguinous fluid was obtained; aspiration also 
showed that the tumour was multilocular. 


Effects of Tumour on Pregnancy and Labour. 
There have been two cases of hydramnios in the 
cases reported since 1945 (Lantuéjoul and Truffert, 
1946: Kaminek and Tomik, 1957). Before 1945 
13 cases had been reported (Table 1), making a total 
to date of 15 instances in 82 case reports (18%). 
This coincides well with the high incidence of 
hydramnios which is known to occur in cases of 
foetal malformation. Hydramnios is often associa- 
ted with anomalies such as oesophageal atresia, in 
which the foetus is unable to swallow the liquor 
amnii. This is postulated as an aetiological factor 
in hydramnios (Eastman, 1956). It is possible that 
the oesophageal obstruction produced by a cervical 
or thyroid teratoma is in a similar manner respon- 
sible for the high incidence of hydramnios in these 
cases. 

The size of the tumour may impede labour and 
may require the application of forceps (White and, 
Gosselin, 1952; Kresse, 1954; our second case) or 
caesarean section (Salviati and Savegnago, 1952) or 
episiotomy (Perkins, Pautler and Winston-Salem, 
1953). In the case reported by Salviat: and Saveg- 
nago (1952) the tumour was stated te have been 
palpated in the abdomen and per vaginam. 


Associated Congenital Anomalies. Two instances 
of associated congenital anomalies have appeared 
since 1945: ‘chondro-dystrophia foetalis was present 
in McGoon’s (1952) second case and imperforate 
anus in his fourth case. S 


Differential Diagnosis. Some of the diagnoses, 
which have been considered by various authors 
pre-operatively, are cystic hygroma, congenital 
goitre, branchial cyst, lymphangioma, simple multi- 
locular cyst, dermoid cyst, neuroblastoma, parotid 
tumour and carcinoma of the thyroid gland (in 
Buckwalter and Layton’s case of malignant teratoma 
in an adult). 
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TERATOMA OF THE NECK 


The chief tumours which require differentiation 


are cystic hygroma, congenital goitre and branchial 
oyst. 


In aze incidence, sex incidence, site, size and 


. ‘surface of the turnour, teratoma and cystic hygroma 


-are similar. 
is has a 











~- teratomas but not in hygromas. 
= produc few symptoms, except when infected or 
© very lerge, which is in direct contrast with the 


Hewever, a cystic hygroma usually 
: limpid consistency and poorly defined borders 
nd is easily transilluminated (Gross, 1953): tera- 
mas are often tense or solid in consistency, have 


: vell defined borders, are usually freely mobile and 


nly occasionally can they be transilluminated. 
diography may demonstrate calcification in 
Finally, hygromas 


-respiratory and feeding difficulties commonly seen 
with teratomas. 


In those instances in which the teratoma occupies 
the position and has the shape of a thyroid gland it 
must te differentiated from a congenital goitre. 
However, since congenital goitres are rare outside 
endemiz areas (McQuarrie, 1957), the problem is 
practically limited to these areas. Radiography of 
the neck may be of value in demonstrating the 
presence of calcification in a teratomatous tumour. 

The following features of a branchial cyst serve 
to differentiate it from a teratoma: it is commonest 
in the third deeade and presents as a smooth, 
globular swelling deep to the anterior border of the 
sternomastoid muscle, usually at its middle; on 
aspiration typically it yields a milky fluid containing 
cholesterol crystals (Aird, 1957). 


Prognosis and Treatment. Forty-six patients of 
all those reported thus far (82) have undergone 
surgery. and seven died. Of the deaths, three 
occurred in patients with malignant tumours: one 


was an operative death, the second was an adult 


who dizd of metastases (both mentioned by Bale, 
1950) and the third was also an adult who died of 
metastases (Buckwalter and Layton, 1954). Of the 
remainmg four deaths one was an infant who died 
of card ac arrest due to an attempted tracheostomy 
(Salas «z al., 1957) and another was our second case 
who dizd of brencho-pneumonia post-operatively. 
Accoyd: ng to Bale (1950), the cause of death was not 
mentiomed in the remaining two cases. The 
mortali:y with surgical treatment is thus about 9% 
if the malignant tumours are not included, an 
extremely low figure considering that over half the 
cases were treated before 1930. 

Of the 36 cases in which surgery was not under- 
taken, 4 were stillborn and one was an adult who 


- died of metastases from a malignant tumour (Bale, 


_ $950). The remaining 21 cases were live, newborn 
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infants, ‘all of whom died without having had any 
operative treatment. It is difficult to estimate how 
many of these infants could have been saved by 
surgery but, to mention a few instances only, the 
lack of early surgical treatment was most probably 
responsible for death in two of McGoon’s (1952) 
cases and in Carter's case (mentioned by Bale, 1950). 

Thus the significant facts are that the mortality 
from operation on benign cases at all ages is low: 
that more than 25% of all patients died soon after 
birth without having had surgery; that it is more 
than likely that many of these infants could have 
been saved by timely operation. 

Hence the first principle in the treatment of these 
tumours in infants is early operation, especially 
when tracheal and oesophageal obstruction are 
present. Delay in surgery, when the respiratory 
passages are partially obstructed, leads to retention 
of secretions, atelectasis and broncho-pneumonia. 
When the tumour does not encroach on the trachea 
or oesophagus surgery may be postponed, but this 
is not common. 

In the pre-operative phase resuscitative measures 
such as tracheal aspiration, oxygen and stimulants 
may be required; laying the infant on the side of the 
tumour may help to relieve some of the compression 
and traction on the trachea. 

The operation should consist of excision of the 
tumour and its capsule together with redundant skin. 
General anaesthesia with intubation should be 
employed; some authors have employed local 
anaesthesia (Salviati and Savegnago, 1952) or no 
anaesthesia at all (Lantuéjoul and Truffert, 1946). 

In benign cases, the operation itself is relatively 
simple since the tumour ‘shells out’ without much 
difficulty. Care should be taken when the tumour 
is loosely adherent to the respiratory passages or 
thyroid gland since temporary vocal cord paralysis 
has occurred (Salviati and Savegnago, 1952; Perkins 
and Pautler, 1953). Caution may be required when, 
occasionally, the tumour enters the mediastinum. 

Tracheostomy without excision of the tumour is 
not usually possible since the tumour obscures the 
trachea in many cases. However, tracheostomy 
has been performed after removal of the tumour 
(Lantuéjoul and Truffert, 1946: McGoon, 1952) in 
order to establish and maintain a patent airway. 

Post-operatively, meticulous care should be taken 
in maintaining a patent airway; antibiotics should 
be given and oral feeding may be carefully com- 
menced fairly soon after surgery. When the 
thyroid gland is absent or is removed by operation 
replacement therapy with thyroid extract will be 
required. 

It is not proposed to discuss the management of 
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malignant teratoma in detail. However, wide local 
excision of the tumour is obviously mandatory if 
there is to be any prospect of avoiding local recur- 
rence. 


Summary 


Cervical teratomas have been defined. Twenty- 
two new cases have been added to the 60 cases 
previously reviewed. Two personal cases have been 
described in detail. 

Previous attempts to distinguish thyroid from 
cervical teratoma have been indicated and a new 
set of criteria proposed. The tumours usually 
appeared at birth and were equally divided ages 
the sexes. Several cases have been reported 1 
Negroes. 

Histologically tissues from all the germinal layers 
were found including brain and thyroid tissue. 
Except for four cases of malignancy (three in adults) 
all the tumours were benign. 

The appearance of the tumour has been described 
in detail and the likelihood of acute obstructive 
symptoms of the larynx and oesophagus at birth 
has been indicated. The tumour caused hydramnios 
in 18%% of cases and occasionally impeded labour. 
Occasionally congenital anomalies were present in 
other parts of the body. 

The chief points in differentiating the tumour 
from cystic hygroma, congenital goitre and branchial 
cyst have been indicated. 

The mortality with surgery in benign cases was 
9%. On the other hand, all cases not treated 
surgically died. The principles of surgical treat- 
ment have been outlined. 


We would like to thank Mr. George Brown and 
Dr. R. I. Mackay of Salford for permission to publish 
the first case and Dr. J. K. Steward of the Manchester 
Tumour Registry for help with the pathological data in 
that case. We also wish to thank Dr. Harold Dargeon 
of New York for permission to publish the second case. 
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Addendum 


Since this paper was written an article has 
appeared reporting two further cases of teratoma 
of the neck (Keynes, W. M. (1959). Teratoma of 
the neck in relation to the thyroid gland. Brit. J. 
Surg., 46, 466). A summary of tumours reported 
since 1950 is given, but omits mention of Cases 1-4, 
10 and 15-19 (see Table 2). It provides reference 
to two cases before 1950 which we had omitted 
(Shattock, S. G. (1882). Congenital tumour of the 
neck. Trans. path. Soc. Lond., 33, 289; Daniels, 
D. W. (1928). Congenital tumour of the neck. 
Brit. J. Surg., 15, 523). — 
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wis Aang ebiasis is common among Africans in Dur- 
n ban, where this. hospital alone handles over 2,500 
patients each year. Children share in this high 
incidence of the disease. Many cases are severe 
land liver abscess. is frequently seen. 

- The purpose of this paper is to compare and 
contrast the features of amoebic liver abscess in 
chidren. with these in adults and to discuss clinical 
diagnoses. 





Material 
Ths consists of a series of 53 cases of amoebic 
liver abscess admitted to the Paediatric Department 
during a-period of seven years from November, 1951, 
All were proved by demonstration of pus either by 
aspiration or at necropsy. 


Age Incidence. The age distribution is shown in 


Fig. }. The youngest was 8 weeks and the oldest 
5 years. Seventeen were under | year, 10 being less 


than & months oki. 

Senecal, Lariviére, Dupin and Trenou (1957), 
in reporting. four cases of amoebic liver abscess in 
children, state that Lestrade and Guérineau had 


P _ found that up to 1956 the world literature contained 
>o only 47 reported cases of amoebic liver abscess in 


- childrsn. Since then Torroella, Lopez and Villareal 
(£956) kave described 14 cases in children under 
6 years in Mexice. 

_ Although this condition is uncommon in children 
: it is not infrequently seen in African 
-chiian in Durban. 


Sex Distribution. Thirty-two of the 53 cases 
were meles. Torroella et al. (1956) described 14 
cases in children, of whom 5 were males. It appears 
that male predominance is less in children than in 

adults 


* The Amoebiasis Research Unit is sponsored by the following 
African Council for Scientific and Industrial 
esearch, fhe Natal Provincial Administration, the University of 
‘Natal, and che United States Public Health Service (Grant E-1592)., 
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IC LIVER ABSCESS IN AFRICAN CHILDREN 


JOAN SCRAGG 


rom athe Department of Paediatrics, University of Natal, the King Edward VIH Hospital and the Amoebiasis Research 
Unit*, Durban, South Africa 


1959) 


20 MALE 33 
FEMALE 20 
TOTAL 53 

15 RECOVERIES 





DEATHS MO 


NUMBER OF CASES 
O 





1-2 2-3 3-4 4-5 
MONTHS YEARS 
AGE GROUPS 


O-6 6-12 


‘AAmoebic liver abscess in children. Age incidence and 


outcome of 33 cases. 


Fic. f- 


Location of Abscesses. The location of abscesses 
clinically and at necropsy was as follows: 





Rigat lobe 33 (6294 
Left lobe = 2 4%) 
Central at junction of lobes of liver |. 5 {9 a) 
Multiple ; ; f 13 (25°) 


eS, ee res Sm 


Abscesses are said to be characteristically single 
and to occur most often in the right lobe. In this 
series 75% were single and 25%, multiple (Fig. 2). 
These figures show that the distribution of single 
abscesses is similar to that reported elsewhere. It 
seems that multiple abscesses are commoner in 
Durban African children than is usually the case, 
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but this may be due to the high proportion of 
necropsies. 


MULTIPLE 


SINGLE 





Fic. 2.-~Loeation of amoebic liver abscesses in 33 cases. 


Fever. This was present in all cases (Fig. 3). 
The temperature usually fluctuated between 102 and 
103° F. until appropriate therapy was begun. In 
adults fever is not a constant manifestation of liver 
abscess (Wilmot, 1949; Lament and Pooler, 1958). 
In children, however, it is an important and striking 
feature. 


TENDER HEPATOMEGALY 
FEVER 
LEUCOCY TOSIS (> 18 000 /azmm) — 


ANAEMIA (Hb <10gm. %) 
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was observed in 34 cases, and hevin 30,000 and 
43,000 W.B.C.s per c.mm. in-six others. ice fatal 
cases with extremely high counts were found to have 
single hepatic lesions at autopsy. ‘Three with very 
high counts recovered and the two lowest counts of 
8,000 and 9,000 occurred in children who at autopsy 
had multiple lesions. These findings do not confirm 
the opinion that a pronounced leucocytos:s indicates 
multiple abscesses with a bad prognosis (Rogers, 
1922). 

My findings show that in iien the white cell 





count is more often raised and the elevation is 


greater than in adults, in whom leucocytosis is 
present in only 70-80% (ranar, 1949; Lamont and 
Pooler, 1958). 

In these children the mam of the history bore 
no relationship to the level of the white cell count, 
unlike the findings of Lamont and Pooler (1958). 

A normocytic normochromic anaemia was present 
in 38 cases, the haemoglobin being 7:6 g./100 ml.” 
(range 4-8 to 10-0 g./100 ml). - Anaemia is an 
important feature of the disease in children and 








eee at meneame reese 
DYSENTERY ON ADMISSION — 


AMOEBAE IN STOOL 


Fic. 3.-—Incidence of common clinical findings in 53 cases of amoebic liver abscess. 


‘Tender Hepatomegaly. This was present in all 
but four cases. It is unusual for the liver not to be 
enlarged to at least three fingers’ breadth below the 
costal margin. Intercostal tenderness may be 
difficult to elicit in infants but direct palpation of the 
liver is usually exquisitely painful. A palpable mass 
was present in 40. 


Haematological Findings. Blood examination was 
done in 44 cases. The white blood cell count was 
raised in 40 (91°). In the remaining four it ranged 
from 8,000 to 11,000 W.B.C.s per cmm. Leuco- 
cytosis between 15,000 and 29,000 W.B.C.s per c.mm. 


rapidly improves with treatment of the primary 


disease. 


Radiological Findings. Radiological amn ion 
of the chest was done in 35 cases; 11 (3134) showed 
elevation of the diaphragm, seven of hee having 
associated pulmonary changes. Figs. 4a and b and 
5a and b show the radiological changes in two cases. 
It seems that radiology is less often helpful in 
children than in adults, among whom the majority 
exhibit diaphragmatic elevation (Ochsner and 
DeBakey, 1943; Wilmot, 1949; Lamont and Pooler, 
1958). 
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FIG. 4a. FIG. 4b. 
FIG. 4 (a and b).—Radiographs of chest showing marked elevation of right dome of diaphragm before aspiration of large liver abscess 
(total of 926 ml. of pus removed). 





Fic. Sa. Fic. 5b. 
Fic. 5—(a) Radiograph showing marked elevation of right dome of diaphragm; (b) after aspiration ef 80 ml. of pus from liver; air can 
P be seen in abscess cavity. 
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Dysentery or History of Dysentery. Twelve (23%) 
of the children had dysentery on admission and a 
past history of dysentery was obtained in a further 
27 (51%). Thus 73% had antecedent or con- 
comitant dysentery, which is similar to the findings 
in adults. 

The absence of amoebae in the stools by no means 
excludes the diagnosis of amoebiasis, amoebae being 
found in only 13 (29%) of the 45 in whom stools 
were examined. Of seven who died before stool 
examination, three were found to have no bowel 
lesion at necropsy. In 13 necropsies in which 
amoebic ulceration of the bowel was found (eight 
of whom had extensive ulceration) amoebae were 
found before death in only two. 

Nature of Pus. Classical ‘anchovy-coloured’ pus 
should not be anticipated as it was usually grey-green 
or grey-yellow at first aspiration and only at subse- 
quent aspirations took on the pink or red-brown 
colour. Roach (1958) found that the abscess con- 
tents were yellow in over 90 % of subjects at necropsy 
and concluded that ‘only rarely at necropsy does the 
liver abscess contain the ‘‘anchovy-type”’ material 
considered by many to be characteristic’. 

Opinions differ regarding the incidence of 
amoebae in the abscess contents. DeBakey and 
Ochsner (1951) found amoebae in 26% of 263 
patients. In my series amoebae were found in the 
pus in eight (20%) of 40 cases aspirated and at 
necropsy in 13 (62%) of 21 cases. With recently 
improved technique, the Amoebiasis Research Unit, 
Durban, in a series of 71 consecutive liver abscesses 
in adults, have observed and/or isolated amoebae 
from 57 (80%) cases (Maddison, 1959). In future, 
therefore, we may find amoebae in aspiration 
specimens with greater frequency. 

The pus was characteristically bacteriologically 
sterile in 36 (90%) of the 40 cases aspirated. In 
four bacteria were isolated from the first aspirate, 
but in no case did secondary infection occur as a 
result of aspiration. 


Complications 
Rupture of Abscess. This occurred in five 
patients (three fatal). In one, intrapulmonary 


rupture was followed by clinical improvement and 
recovery. In another, after two aspirations, rupture 
occurred through the abdominal wall. This infant 
made a remarkable recovery as he seemed moribund 
on admission. Two died shortly after admission 
from intraperitoneal rupture, and one case died 
suddenly following rupture of the abscess into the 
pericardium and pleural cavity. 

Brain Abscess. This rare complication was found 
at necropsy in an infant aged 5 months who had a 
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massive abscess in the right hepatic lobe and 
multiple small abscesses in the left lobe. Amoebae 
were found in the brain abscess which had caused 
quite extensive cerebral softening. 

Jaundice. Lamont and Pooler (1958) found 
jaundice in six of their 16 fatal cases. In my series 
it occurred in only one case, autopsy revealing two 
large abscesses producing mechanical obstruction 
to the biliary system (Fig. 6). 





Fic. 6.—Necropsy photograph of liver from infant aged 4 months. 
Two large abscesses produced mechanical obstruction of biliary 
system with large mucocoele of gall bladder. 


Mortality 


There were 30 deaths, i.e. a mortality rate of 57%. 
Only two infants, aged 5 months and 7 months, 
recovered out of the 17 cases under 1 year of age. 

The mortality rate in children cannot be assessed 
since no large series has been reported. In a study 
of 77 consecutive African patients with liver abscess 
Wilmot (1949) found a mortality rate of 11-7%. 
DeBakey and Ochsner (1951) reported an overall 
mortality of 22-2%, the mortality in their series 
being 100% in multiple abscesses but only 11% in 
those with single lesions. Multiple lesions un- 
doubtedly worsen prognosis for they were present 
in 12 of the 21 children in whom autopsies were 
performed. Twelve cases were moribund and died 
soon after admission. 


Treatment d 


Specific Anti-amoebic Therapy. Excluding the 
six cases where the correct diagnosis was not made, 
all received emetine. To those who survived long 
enough emetine was given for 10 days, the daily 
dose varying from gr. 1/8 to gr. 1/4, depending on 
the weight of the patient. Ten received a further 
seven-day course of emetine. Chloroquine diphos- 
phate was used in an initial dose of 0:5 g., followed 
by 0:25 g. daily for 15 to 21 days. As chloroquine 


_ may te the best form of treatment. 
; -— tetracycline or its derivatives and diiodo-hydroxy- 
. quinofine were given when dysentery was present. 
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therapy alone is followed by a significant relapse 
tate (Harinasuta, 1951; Wilmot, Powell and Adams, 


1958), a combination of emetine and chloroquine 
In addition 


‘Antibiotics are of no value in the treatment of liver 
abscess (Wilmot, Armstrong and Elsdon-Dew, 1952; 
Jilmett, Powell and Elsdon-Dew, 1958; Powell, 
ilmet and Elsdon-Dew, 1959). Penicillin was 
usually employed while aspiration was being carried 


: out as a precaution against secondary infection. 


Supportive Measures. Intravenous fluids and 


- blood transfusions were used when indicated. The 
- maintenance of hydration and electrolyte balance is 
< of paramount importance when serious dysentery 


18 present. 


— fever end 


Aspiration. This was done in 40 cases: 12 were 
aspirated once orly, 18 on two to four occasions, 
and seven on five to seven occasions; three required 
12, 13 and 17 aspirations respectively. From the 
latter ease a total of 1,688 ml. of sterile pus was 
removed. 


Surgical Drainage. One 5-month-old infant was 
treated by surgical drainage with good result. A 
further infant, after seven aspirations, developed a 
midline sinus and a residual small abscess was 
evacua‘ed surgically. Rapid and complete cure 
followed. The last case in this series was immedi- 
ately sebmitted for surgical drainage when bacteria 
were spolated from the first aspirate and cure 
followed. 

Discussion 

In African children in Durban amoebic liver 
abscess is commener than elsewhere and for this 
reason an acute awareness of the condition in 
childhcod is. necessary. This condition should 
always be kept in mind in the differential diagnosis 
of hepatomegaly, especially tender hepatomegaly, 
even ir the absence of dysentery or a history of 
antececent dysentery. The difficulty in determining 
in a small crying infant whether hepatic tenderness 
exists is freely admitted. Another feature occasion- 
ally meking diagnosis difficult is abdominal disten- 
sion. However, exploratory transcostal needling 
woul appear justified if amoebic liver abscess is 
suspect2d, as early diagnosis is one of the most 
important factors in lowering the attendant high 
mortalmy. 

The clinical manifestations of amoebic liver 
abscess. in children are similar to those in the adult, 
except that fever is a more frequent finding. Failure 
of response to therapy shown by a continuing high 
increasing anaemia in children with 


175 


dysentery or a history thereof should suggest the 
possible presence of an hepatic complication. 
However, concomitant or antecedent dysentery can 
be expected in only about two-thirds of cases. With 
adequate treatment of amoebic dysentery there is 
usually improvement of the general condition of the 
child within about five days. Haematological 
changes, especially anaemia and leucocytosis, are 
of value in making a diagnosis. As in the adult, 
while radiological changes when present assist the 
diagnosis, their absence does not preclude it. 

Most workers state that conservative treatment 
with amoebicidal drugs and closed drainage by 
repeated aspiration is best except where secondary 
infection is present. DeBakey and Ochsner (1951) 
showed a striking difference in mortality with 
conservative therapy consisting of emetine with or 
without aspiration compared with open operation. 
They advocate open drainage immediately if on 
first aspiration the abscess is secondarily infected. 

Wilmot (1958) considers that the main indications 
for open drainage are: 

(1) Failure to aspirate pus from patients with 
suspected liver abscess whose condition is not 
responding to emetine and/or chloroquine. 

(2) Secondarily infected abscesses which do not 
respond to aspiration and local and systemic 
antibiotics. 

(3) In some cases after rupture has occurred, in 
order to drain the pus from other loci. 

(4) Cases not improving despite repeated aspira- 
tion and specific therapy. 

In view of the high mortality rate, in retrospect it 
might have been advisable to undertake surgical 
drainage in those who required numerous aspira- 
tions. In future more thought should be given to 
those indications and selected cases should be 
submitted to surgery. Not all cases of amoebic 
liver abscess require aspiration on specific anti- 
amoebic treatment. During the period under 
discussion there were an additional 14 cases of 
undoubted amoebic liver abscess, but as confirma- 
tory aspiration was not carried out these cases have 
been excluded from this series. 

The management and treatment of amoebic liver 
abscess in children is basically the same as that 
advocated for adults. 


Summary 


Cases of amoebic liver abscess occurring in 53 
African children are reported. 

The importance of awareness of the condition and 
early diagnosis is stressed. 

The condition can occur at any age, the youngest 
case in this series being 8 weeks. 
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There is not the distinct male predominance that 
is noted in the adult. 

The abscesses are f requently. multiple in children. 

The important clinical. features and difficulties in 
diagnosis in childhood are ‘discussed. 

The mortality is high (in. this series about 57%) 
and only by early diagnosis may complications be 
prevented. 


I wish to record my thanks to Dr. H. L. Wallace, 
Head of the Department of. Pa ediatrics, University of 
Natal, to Dr. Pauline Klenerman, i 
cases were treated, and to Dr. S. Disler, Medical Superin- 
tendent of King Edward VHI Hospital, Durban, for 
facilities. I am especially indebted to Dr. R. Elsdon- 
Dew, Dr. A. J. Wilmot, Dr. S. J. Powell and Dr. N. 
Lamont for much valuable criticism and advice. Finally, 
I wish to record my thanks to Miss A. Killerby for the 
photographs and to the staff of the Amoebiasis Research 
Unit for access to the literature. 
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< Jeucoeytosis (W.B.C. 21,200, 73% neutrophils). 





. $: The object of this contribution is to draw atten- 


tion to a hitherto undescribed lesion, peri-prostatic 
>: haematoma, and to discuss its relationship to pro- 
-< Static abscess occurring in the neonatal period. 


Both disorders have been wholly or partially respon- 
“sible for a severe but remediable lower urinary tract 
obstruction in a series of infants observed at The 
Hospital for Sick Children, Great Ormond Street. 
The aetiology of the conditions, and even the exact 
pathclogical anatomy, remain obscure for, since all 
cases survived, only clinical data concerning them 
are available. 

Prestatic abscess in an infant has been described 
on a number of occasions (Campbell, 1929; Szen- 
kier, 1929; Fox, 1934; Alison and Le Tan Vinh, 
1952: Boy, Wallon and Lauras, 1953). We have 
also treated a staphylococcal prostatic abscess in an 
infani, a case previously reported by George (1953), 
whick is now summarized below. 


Case 1. A previously healthy boy, aged 1 month, 
develeped a hard red swelling on both sides of the 
scrotum; four days later he vomited after feeds and his 
abdomen was distended, due mainly to an enlarged 
bladder. Catheterization brought a marked but not 
compete improvement. The following day gross dis- 
tensicn of the abdomen recurred and again catheteriza- 
tion released a clear urine. An abscess pointed in the 
right scrotum and was opened, releasing 7 ml. of thick 
sticky pus, which on culture grew Staphylococcus aureus. 
Subsequently catheterization was unsuccessful and the 
boy was transferred to The Hospital for Sick Children. 
His temperature-had been only slightly raised and he was 
having small frequent green stools with much mucus. 
On admission the abdomen was distended and rather 
tympenitic and. rectal examination revealed a smaji 
rectum compressed anteriorly by a cystic swelling, 
apparently in continuity with the bladder. The left 
epidicymius was thickened; the right testicle and scrotum 
were aard with a discharging sinus inferiorly. Enlarged 
lymph nodes were present in both groins. The blood 
urea was normal and the urine sterile, but there was a 
T On the 
same day a suprapubic cystostomy was performed and a 
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tensely distended, thin-walled bladder was found. A 
fluctuant swelling was present beneath the trigone, 
elongating it and extending downwards behind the 
urethra. The bladder itself was normal. A perineal 
incision was made immediately in front of the rectum 
and a sinus forceps was guided into a large abscess 
cavity by a finger in the rectum, About 2 oz. of thick 
pus were evacuated. On culture there was a heavy 
growth of coagulase-positive staphylococci and a few 
colonies of Escherichia codi, 

After three days there was a recurrence of the scrotal 
abscess and a certain amount of greenish-yellow pus was 
obtained, which on culture again grew Staph. aureus. 
Rectal examination showed some thickening in the 
prostatic region when the child was discharged on the 
fifteenth day. Two months later he was completely 
symptom-free. 


There can be little doubt that the abscess in this 
case arose within the prostatic gland. It was a 
strictly midline swelling, closely .resembling a pro- 
static tumour, and the simultaneous occurrence of 
epididymitis confirmed its prostatic origin. As in 
similar cases occurring in adult life, there must be 
some doubt as to whether the infection, which was 
clearly haematogenous, started in the prostate or in 
the epididymis, and the primary focus outside the 
genital tract was not identified. The presence of a 
staphylococcus suggests a skin sepsis, but none was 
found and the umbilicus was clean, 

The cases which we place in the category of peri- 
prostatic haematoma (Cases 2 and 4, which are 
reported in full later) present several points of 
distinction. A mass was present in the pelvis which 
contained only old blood, sterile in Case 2, and 
infected with Esch. coli in Case 4 at a time when a 
blood culture also grew Esch. coli. The swelling as 
felt per rectum was lateral rather than median and 
was broadly based on the lateral pelvic wall, bulging 
into the cavity of the pelvis from one side only. It 
was thus distinguishable from a mass arising within 
the pelvic viscera. It appeared, therefore, that this 
effusion of blood had occurred in the fascial spaces 
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alongside the prostate and bladder a little in front of 
the rectum. No cause of the effusion could be 
identified, none of these cases had bleeding from any 
other source and there did not appear to be any 
coagulation defect. One infant had Esch. coli 
septicaemia in association with a urinary infection 
and in addition a urethral obstruction due to 
congenital valves. The possibility of a descending 
arteritis in the umbilical artery was considered as a 
source of the haemorrhage but there was no evidence 
of umbilical sepsis to support this hypothesis. 

The clinical findings in Case 3 resembled those in 
Cases 2 and 4 but the swelling in the pelvis contained 
pus rather than blood: its lateral position suggested 
that suppuration might have occurred in a peri- 
prostatic haematoma but it could equally have 
arisen aS a metatastic abscess in the prostate. In 
Case 5 the swelling resolved without surgical inter- 
vention; it is possible that an abscess cavity burst 
into the urethra in this child, suggesting a true 
prostatic lesion. 

Retention of urine was the dominant clinical 
feature in all these infants. It was abrupt in onset 
and, although occurring within the first month of 
life, in only one was there any suggestion of a 
congenital abnormality. The bladder was tensely 
distended, the kidneys palpable and the blood urea 
raised. The urinary obstruction was due to pressure 
on the urethra and bladder neck: it was relieved as 
soon as the abscess or haematoma was evacuated. 
Urinary infection was present at some time in all 
instances, but probably resulted from catheteriza- 
tion. In Case 4 Esch. coli was already present 
before instrumentation and a septicaemia with 
severe collapse and dehydration at first concealed 
the real nature of the condition. 

Drainage was obtained through a perineal 
incision: this method entails least disturbance of 
other organs but the track is apt to be long and 
narrow. It was found that refilling of the cavity 
could be minimized by stripping down the area with 
a finger in the rectum, and the fourth case settled 
down within a few days on this routine. Con- 
valescence in all cases has been prolonged and the 
urinary infection has been difficult to eliminate. 
Some permanent damage to the upper urinary tract 
must be anticipated although the blood urea in all 
cases returned to normal. 


Case Reports 


Case 2. This boy, a first child, was born at full term 
on June 18, 1955 in a normal delivery and weighed 
8 Ib. 12 oz. The mother’s pregnancy and puerperal 
period were uneventful apart from moderate anaemia. 
He was breast fed for one week, and then thrived on 
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bottle feeding (N.D. milk) having no complaints until 
4 weeks old when, on July 13, he started vomiting after 
feeds and having diarrhoea with loose greenish stools 
without mucus or blood. The parents also noticed that 
the child cried after passing urine, although he had a 
good stream with no dribbling. On account of worsen- 
ing of his symptoms, he was admitted to Thurrock 
Hospital on July 15 and was found to have abdominal 
distension and a full bladder; catheterization produced 
13 oz. of pale clear urine. When catheterized again that 
evening another 14 oz. were obtained. On July 16 the 
bladder was again distended up to the umbilicus and the 
infant’s general condition was poor. Catheterization 
was then unsuccessful: a suprapubic lumbar puncture 
needle was inserted and 9 oz. of urine were removed. 

The child was transferred to The Hospital for Sick 
Children and on admission on July 16 he did not look 
well but cried fairly lustily. His colour was fair but he 
was moderately dehydrated, weighing 9 Ib. 44 oz. There 
was moderate tachypnoea and a suggestion of meningism 
but no pyrexia. The abdomen was distended with 
subcutaneous veins rather more obvious than usual. 
The bladder was up to the umbilicus but the kidneys’ 
could not be felt. Rectal examination revealed a large 
anterior mass bulging into the rectum. The provisional 
diagnosis was congenital urethral obstruction. Investi- 
gations showed: 

(16.7.55) blood urea 134 mg./100 ml.; serum electro- 
lytes: C1713 mg./100ml. (121 mEq./1.)}, Na 345 mg./100 mi. 
(150 mEq./1), K 21 mg./100 ml. (5-4 mEq./1.}, CO, 
21-2 vol. % (9-5 mEg./I.); Hb 86% or 12-73 g./100 ml. 

(17.7.55.)blood urea 142 mg./100 ml.; urine pale, 
turbid; S.G. 1016; protein 160 mg.%,:; deposit: masses of 
W.B.C.s in uncentrifuged urine; heavy growth of 


Proteus on culture. 


(18.7.55.) bleeding time 4 min. 55 sec.; clotting time 
I min, 40 sec. 

Dehydration was corrected with intravenous fluids and 
bilateral pyelostomy was performed for drainage. The 
following day there was still a palpable cystic mass in the 
prostatic region and an operation was performed under a 
genera! anaesthetic. After catheterization, which ob- 
tained 5 oz. of urine, an exploratory needle was intro- 
duced through the perineum and entered a cystic cavity 
from which some dark blood was withdrawn. A small 
perineal incision was then made and through it | oz. of 
similar material was obtained. This cyst appeared to 
have no connexion with either the rectum or the lower 
urinary tract. A rubber drainage tube was left in place 
in the wound and the urethral catheter was left to drain 
the bladder. The contents of the cavity showed numer- 
ous R.B.C.s; an occasional polymorph but no organisms 
were seen, On culture there was no growth. 

During the following days his general condition 
improved steadily and his blood urea fell. The left 
nephrestomy tube was removed on July 18, the right 
nephrestomy tube on July 22 and the urethral catheter 
on July 23. At that time the urine was sterile. As there 
seemed to be inadequate drainage and he was not able 
to empty his bladder completely, the wound was re- 
explored on July 26 and another drainage tube was 
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inserted. A sinogram was performed and outlined the 
cavity which was unconnected with any of the pelvic 
organs (Fig. 1). A wound swab showed on culture a 
light grewth of coagulase-positive staphylococci and 
Esch. coli. In the following days the discharge became 
frankly purulent but diminished progressively in amount, 
and the pelvic mass gradually subsided. On September 4 
he developed gastro-enteritis and he required several 
intraveaeus infusions and antibiotic treatment before he 
finally settled down. When he was discharged on 
October 2 he was having no difficulty with micturition, 
and the pelvic mass had practically disappeared, leaving 
only a rather general induration which extended across 
both sides of the pelvis. 

When re-investigated three and a half years later, the 
urinary tract was normal on intravenous pyelography and 
cystoscopy, although he was still enuretic. 


Case 3. A premature first-born male child was born 
on September 17, 1957, by normal delivery. He weighed 
4 lb. 14 oz and looked normal. He thrived on bottle 
feeding (N.D. milk) and had no complaints until 5 weeks 
Old when, on October 23, he ceased to pass urine. His 
legs and lower abdomen were moderately oedematous 
and he vemited after all feeds. On the same day he was 
admitted to the Whittington Hospital where he was found 
to have a distended bladder. 

He was transferred to The Hospital for Sick Children 
on Octeber 24, when he looked ill and rather pale and 
greyish in colour but hydration was fair. He weighed 
7 1b. 53 oz. There was moderate oedema in the legs and 
lower abdomen, which was rather distended and tym- 
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panitic; the bladder was felt up to the level of the 
umbilicus. Both kidneys were easily felt, particularly 
the right, but did not seem to be enlarged. The penis, 
testicles and scrotum looked normal. Catheterization 
withdrew 4 oz. of dirty urine and rectal examination 
revealed an apparently painless, smooth and rounded 
mass in the pelvis, which prevented full introduction of 
the examining finger. The mass was situated rather 
lower down than would be expected for the bladder, 
although there seemed to be continuity of the two 
structures, the bladder wall being thickened and hard. 
The child’s temperature was 96:4° F., but had risen to 
101-4 F. next morning. The diagnosis of peri-prostatic 
abscess was made. 

Laboratory investigations gave the following results: 
(25.10.57.) blood urea 79 mg./100 ml.; serum electro- 
lytes: C1578 mg./100 ml. (99 mEq./1.), Na 310 mg./100 ml. 
(134 mEq./l.), K 20 mg./100 ml. (5-1 mEq/L); 
CO, 64:7 vol. % (29:2 mEdq./l.); Hb 79% or 
11-60 g./100 ml.; W.B.C. 29,500; neutrophils 65%; 
P.C.V. 40%; urine slightly alkaline; protein 80 mg.%; 
deposits nil; culture (catheter specimen) no growth. 

At operation a needle was introduced through the 
perineum in front of the rectum; it entered the cavity of a 
peri-prostatic abscess and 20 ml. of thick greenish pus 
were removed with a syringe. Afterwards the opening 
was enlarged with a sinus forceps and a corrugated 
rubber drain was left in place. The pus showed a very 
large number of polymorphs and gram-positive cocci, 
which on culture produced a heavy growth of coagulase- 
positive staphylococci. 


Following the operation micturition was normal. The 





Fic. 1.—Case 2. 


Sinograms outlining haematoma cavity. 
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sinus had to be opened with forceps on two separate 
occasions, but he then had an uneventful convalescence 
and was discharged on November 9. The perineal 
wound was healed, he was taking feeds well, gaining 
weight, and had a good stream ofurine. Rectal examina- 
tion was normal apart from slight induration of the 
prostatic region. 

Eighteen months later his adoptive parents wrote to 
say that he was in excellent health, and as they were 
living a long way from London they were not prepared 
to bring him up for examination. 


Case 4. A third child was born at full term on May 
21, 1958, in a normal delivery. The mother’s pregnancy 
and puerperal period were uneventful. He weighed 
8 Ib. 12 oz. at birth. 

During the first week his stools were rather frequent, 
small in amount and brownish in colour, and he lost 
weight steadily, looking rather lethargic. On June 2 he 
vomited once before and once after a feed. The vomit 
was at times projectile, containing some brown material 
but no definite macroscopical evidence of blood. He 
was sent to The Hospital for Sick Children with a 
diagnosis of pyloric stenosis. 

On admission under Dr. Wilfrid Sheldon on June 3 he 
looked rather sallow but his hydration was fair, his 
weight being 7 Ib. 13 oz. The abdomen showed no 
visible peristalsis and no pyloric tumour was felt. The 
liver was two fingers below the costal margin with a 
slightly irregular edge. The kidneys were enlarged and 
lobulated and the blood urea was 208 mg.%. A routine 
urine analysis showed infection with Esch. coli, and a 
blood culture performed the same day also showed a 
heavy growth of Esch. coli. Next morning the spleen 
was palpable and the child was put on Achromycin. 

Two days later there was some generalized oedema, 
the kidneys were still enlarged and a distended bladder 
was also palpated. The blood urea was still raised and 
bilateral pyelostomies were performed for drainage. At 
operation the kidneys were found to be large but looked 
healthy and the pelves were not unduly distended. On 
the following day an examination under anaesthesia 
revealed a smooth round prostatic swelling. A needle 
was introduced through the perineum and altered blood 
was aspirated. An incision was made and a large 
amount of blood evacuated. A corrugated rubber drain 
was left in the wound and an indwelling catheter was 
used for bladder drainage. The blood produced on 
culture a heavy growth of Esch. coli. 

In the afternoon following operation the child was 
still pale and lethargic and he was given a small blood 
transfusion. Next day the prostatic swelling had 
lessened and some more blood clots were expressed with 
the help of a rectal finger. The nephrostomy tubes were 
then removed. He was kept on intravenous fluids until 
June 10, and by that time his general condition had 
considerably improved. On June 11, although the 
kidneys were still palpable and the bladder distended at 
times, he was able to pass urine with a fair stream. 

Subsequently he made only slow progress, interrupted 
by repeated urinary infections. By July 7 the blood 
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urea had fallen to 41 mg./100 ml., but micturition was not 
satisfactory. An intravenous pyelogram then showed 
considerable bilateral dilatation of the ureters and later 
an expression cystogram revealed the presence of 
typical congenital posterior urethral valves. This 
obstruction was treated endoscopically and normal 
micturition was restored but persistent urinary infection 
remained a troublesome feature and in November the 
excessively tortuous left ureter was shortened and 
straightened. Following that operation progress was 
more satisfactory, though there was still a slight pyuria. 
In this case, therefore, the effusion of blood only 
exacerbated a pre-existing congenital obstruction. 


Case 5. A first child was born at full term on May 5, 
1953, in a normal delivery. The mother’s pregnancy 
and puerperal period were uneventful. He weighed 
6 Ib. 13 oz. at birth and thrived on breast feeding supple- 
mented by a bottle. He had no complaints until 
2 weeks old when he was noticed to have a slight whitish 
discharge from beneath the prepuce and seemed to have 
pain on micturition, straining and screaming during the 
act. The urine looked cloudy, thick and whitish and the ` 
stream was reduced to a continuous dribble. On 
account of worsening of these symptoms, he was admitted 
on May 29 to Amersham General Hospital under 
Dr. Dermod MacCarthy, and the mucoid penile discharge 
was found to contain numerous pus cells. The abdomen 
was not distended but the bladder was full. On rectal 
examination there was a tense elastic swelling bulging 
anteriorly into the rectum, encountered immediately by 
the palpating finger. Following admission he passed 
increasing amounts of urine, with pus present macro- 
scopically. A urine specimen showed very numerous 
pus cells and on culture grew Staphylococcus pyogenes. 
He received penicillin 100,000 units twice daily. On 
May 30, after passing about 1 oz. of pink pus, his urine 
became quite clear and pain on micturition almost 
disappeared. His temperature was never above 99° 6° F., 
and throughout he took his feeds well, never vomiting. 
At this stage he was transferred to The Hospital for Sick 
Children. On admission he looked a normal healthy 
boy with good colour and hydration and weighed 
7 lb. 12 oz. No umbilical infection or septic spots were 
noticed, the bladder was not distended, and the foreskin 
and urethral meatus were normal, no discharge being 
seen. Rectal examination showed a normal! anus and 
rectum and a soft but enlarged prostate (more on the 
right side than on the left). No other relevant findings 
were detected on clinical examination. Within a week 
the prostatic swelling completely subsided, leaving only 
a slight induration. Bowel actions were normal, 
appetite was good, temperature was normal and the 
child was gaining weight. Micturition was normal with 
a good stream of clear urine when the child was dis- 
charged on June 6. | 

Investigations showed: (31.5.53.) blood urea 
23 mg./100 ml.; Hb 102% or 14-3 g./100 ml.; R.B.C. 
4,290,000; W.B.C. 23,200; neutrophils 53%; urine 
neutral, no protein; heavy growth of Esch. coli and 
moderate growth of coagulase-negative staphylococci on 
culture. 
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pelvic wall and does not resemble a visceral swelling. 
Urinary retention is relieved by drainage of the 
abscess or haematoma cavity and neither a urethral 
catheter nor cystostomy is required as long as the 
cavity is kept empty. Perineal drainage is satis- 
factory if combined with daily ‘stripping’ from the 
rectum. Chemotherapy is required as an adjunct. 
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Bronchiectasis may occasionally affect almost the 
entire bronchial tree. Such changes can be the 
result either of developmental defects of the bron- 
chial tree or of acquired inflammatory disease. For 
example, cystic lung and cystic bronchiectasis can 
result from both causes. 

The purpose of the present paper is to record five 
patients with a most unusual type of generalized 
bronchiectasis, and to submit evidence that its basis 
is deficiency of the cartilage of the bronchial walls, 
probably developmental in origin. 


Material and Methods 


The five patients have been studied clinically for 
periods between three and nine years. Radio- 
logical, bronchoscopic, bronchographic and bacter- 
iological examinations have been carried out at 
suitable intervals. The lungs of one of the two 
patients who died were examined in the fresh state 
and then fixed by injecting the bronchi with forma- 
lin. Studies consisted of macroscopic dissection of 
several segmental bronchi and their divisions, and 
serial histological sections of four lung segments 
(apical, anterior and posterior basic and lingula of 
the left lung). The stains used were haematoxylin 
and eosin, Verhoeff van Gieson and periodic acid 
stain of Schiff. The bronchi were identified 
numerically by counting distally from the segmental 
bronchus (Hayward and Reid, 1952); see Appendix. 


Clinical Features 


Case 1. J.G. In October, 1949, a boy aged 2} years 
was referred to the Royal Children’s Hospital with a 
cough, irregular fever and wheezy breathing, which 


developed following an attack of morbilli six weeks 
previously. Before this he was well and had no serious 
illnesses. His doctor had made a diagnosis of unresolved 
pneumonia and asthma, and had unsuccessfully treated 
him with antibiotics and antispasmodics. He was found 
to be thin, with slightly cyanosed lips, and his breathing 
was difficult and audibly wheezy. His chest was barrel- 
shaped, and inspiratory and expiratory rhonchi and fine 
crepitations were heard over the entire chest. A radio- 
graph of the chest showed prominent hilar shadows and 
bronchovascular markings, some haziness in the right 
middie lobe and lingula and slight pulmonary emphy- 
sema. His Mantoux test 1:1090 OT was negative and 
Streptecoccus yiridans was grown from a small blob of 
expectorated mucopus. Bronchoscopic examination 
was normal apart from some muco-purulent secretion in 
both bronchi. A remarkable bronchographic picture 
was seen on the x-ray screen, the whole brenchial tree 
from the first division of the segmental bronchus to the 
fifth or eighth division {depending on the size of the 
segment) expanded and narrowed with inspiration and 
expiration (Fig. la and b), while the fourth to sixth or 
eighth divisions of the right bronchial tree were like a 
series of elongated balloons which were being inflated 
and deflated (Fig. 2a and b). These changes were more 
pronounced in the right than in the left lung. At the site 
of bronchial branching the movement was not so marked. 
Apart from one or two small areas, no oil entered the fine 
divisions of the brenchial tree, even though dye was still 
present in the bronchial tree 40 hours later (Fig. 3a 
and b}. 

Treatment with penicillin and sulphonamides and 
postural coughing led to slight improvement in his 
general condition but the cough and wheeze persisted and 
he periodically had attacks of fever and malaise. As he 
grew older his symptoms lessened and his general health 
improved. Nine years after the onset he is in fair 
health but is unable to run without becoming very short- 
winded, has a constant slight inspiratory and expiratory 
wheeze and cough. His chest is barrel-shaped with a 
pigeon deformity and Harrison’s sulcus. 
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Fic. la.—Case 1. J.G. Bronchogram in inspiration showing Fic. Ilb.—Case 1. J.G. Bronchogram in expiration, showing 
‘cystic’ dilatation of right bronchial tree and cylindrical dilatation collapse of bronchi. 
of left. 





FIG. 2a.—Case 1. J.G. Bronchogram of right bronchial tree in Fic. 2b.—Case 1. J.G. Bronchogram of right bronchial tree in 
inspiration showing gross bronchial dMatation beyond segmental expiration showing collapse of bronchi. 
bronchi but no bronchiolar filling. 
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Fic. 3a.—Case 1. J.G. Film in inspiration taken 40 hours after 
Fig. 2a showing retention of dye and no filling of small bronchi. 


Case 2. D.S., the first baby of healthy parents, made 
normal progress until the age of 10 months when he 
developed a running nose, cough and wheezy breathing. 
A diagnosis of asthmatic bronchitis was made, but 
treatment with antibiotics and antispasmodics failed to 
relieve his symptoms. The cough, wheezing and febrile 
attacks gradually became worse and his general health 
deteriorated. 

At the age of 2 years 8 months when he was admitted 
to the Royal Children’s Hospital in July 1952 he was ill 
with distressed wheezy breathing and slight cyanosis of 
lips and ears. He had a barrel-shaped chest with bilateral 
Harrison’s sulcus, the air entry over the entire chest was 
poor, and inspiratory and expiratory rhonchi and numer- 
ous fine crepitations were heard over the whole lungs. The 
heart was displaced to the left and the percussion note 
over the left upper lobe was impaired. The abdomen 
was distended, the fingers clubbed and he expectorated 
some mucopus, culture of which grew Staphylococcus 
aureus. A chest radiograph showed collapse of the left 
upper lobe and mediastinal shift to the left, and the peri- 
pheral lung field of the right lung and the left lower lobe 
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Fic. 3b.—Case 1. J.G. Film in expiration taken 40 hours after 
Fig. 2a showing collapse of bronchi. 
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appeared emphysematous. Bronchoscopy was normal 
apart from a small amount of mucopus in both bronchi. 
Bronchographic examination was almost identical with 
that in Case 1, but the bronchiectatic changes were most 
pronounced on the left side where the left lung was 
collapsed. Expansion and partial collapse were observed 
from the first division of the segmental bronchus to the 
fifth or eighth division, according to the segment, but no 
dye entered the bronchiolar tree. 

Treatment with antibiotics, antispasmodics and 
postural coughing afforded only slight relief. His 
condition gradually deteriorated and he died of respira- 
tory failure at the age of 3 years 2 months. Autopsy 
was refused. 


Case 3. J.C. was a healthy baby of healthy parents 
until she developed pink disease at the age of 14 months. 
She was left with a slight cough and occasionally had a 
slight wheeze. At the age of 2 years 3 months she 
developed measles following which her ceugh became 
worse, her breathing difficult and wheezy, her stools pale 
and offensive and her body wasted. A diagnosis of 
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fibrocystic disease of the pancreas was made. Following 
treatment with chemotherapy she very slowly improved. 
When seen at the Royal Children’s Hospital in May 
-1953 at the age of 4 years she appeared in fair general 
alt 





(gel odi a little mucopus on posture, Impaired per- 
“¢ussion nete and tubular breathing were heard over the 
; lower lobe and scattered crepitations over the entire 
; A-tadiograph of the chest showed increase in the 
yncho-vascular markings, collapse of the left lower lobe 
d somewhat emphysematous peripheral lung fields. 
< Duodenal enzymes and fat balance were normal. 
: Bronchoscopy was normal apart from a little mucopus in 
the left lower lobe bronchus. The bronchogram showed 
< changes similar to those in Cases 1 and 2 with the 
exception that in the right lower lobe and pectoral 
segment cf the left upper lobe the bronchial calibre 
changes during respiration were not so pronounced and 
there was Alling of some of the smaller bronchi and the 
bronchiclar tree. 

From the age of 4 years up to 94 years she slowly and 
_stéadily improved in general health. She has a very 
slight cough at present and usually no sputum and only 
wheezes and coughs sputum if she develops a cold or has 
a feverish attack. These attacks used to occur every few 
months wet now she has them only occasionally. She 
can run tut gets short of wind easily. A ventilatory 
capacity test at the age of 9 years showed figures indica- 
tive of a moderately severe obstructive type of ventilatory 
defect. 
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Case 4. A.D., a healthy baby of healthy parents, 
made normai progress until the age of 10 months when 
she contracted merbilli. After this she developed a 
cough, rapid wheezy breathing and would not eat. As 
these symptoms persisted she was referred to the Royal 
Children's Hospital in November 1955 aged 1 year with a 
diagnosis of unresolved broncho-pneumonia. She was 
moderately well nourished, had slightly rapid laboured 
respirations with an audible inspiratory and expiratory 
wheeze, Numerous inspiratory and expiratory rhonchi 
and fine crepitations were heard all over the chest. A 
radiograph showed prominent bronchovascular markings 
and some emphysema in the peripheral lung fields. Cul- 
ture of a cough swab yielded Staph. aureus and Proteus. 
Treatmert with one of the tetracycline group of drugs 
resulted m some general improvement but the cough and 
wheeze persisted, she continued to run episodes of fever 
and her s@ns remained unchanged. Bronchoscopy at 
the age of 2 years was normal apart from some mucopus 
in both bronchi. A bronchogram showed symmetrical 
expansion and collapse of the bronchial tree from the 
region of the first segmental divisions down to the fifth 
or eighth ranching, according to the segment. Apart 
from a fèw areas the dye did not enter small bronchi 
or bronchioles. 

During the two years follow-up her general health has 
slowly improved. She still has a slight cough and an 
audible inspiratory and expiratory wheeze, but during 

the last year kas only had two mild feverish attacks. Her 
chest is ceformed with a marked pigeon chest, bilateral 
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Harrison’s sulcus and she breathes with the upper part. 
She becomes short-winded if she attempts to run. 


Case 5. A.W., a premature baby weighing 4 Ib. 7 oz., 
developed a cough and wheeze at the age of 24 months. 
The cough and wheeze persisted, he ran frequent febrile 
episodes and was said to be cyanosed at times. When 
first seen at the Royal Children’s Hospital in December 
1952 at the age of 24 years he was a thin, poorly nour- 
ished child (weight 20 1b.) with slightly cyanosed lips and 
ears. His breathing was difficult and there was a moder- 
ately loud inspiratory and expiratory wheeze. The chest 
was barrel-shaped, movement being predominantly in 
the upper portion, and numerous fine crepitations and 
rhonchi were heard all over the chest. No other 
abnormalities were found. A radiograph of the chest 
showed increased bronchovascular markings and very 
few vascular markings in the peripheral lung fields. His 
Mantoux test 1: 1000 OT was negative, his stools did not 
show any fat globules and culture of a cough swab 
yielded Staph. aureus. Bronchoscopic examination was 
normal apart from some reddening of the bronchial 
mucosa and a small amount of purulent exudate in both 
bronchi. The bronchogram showed that the segmental 
bronchi down to the fifth or eighth divisions, according 
to the segment, dilated and narrowed with inspiration and 
expiration (Fig. 4a and b), but not to the same degree as 
in the first three patients. Several areas in both lungs 
showed some bronchiolar filling. Dye was still present 
in the dilated bronchi 48 hours after instillation. 

During the next two years until his death at the age of 
4 years 8 months he had a constant cough, increasingly 
difficult breathing with cyanosis and frequent episodes 
of fever. Gradually he developed pulmonary hyper- 
tension, his heart enlarged, and an angiogram showed 
some dilatation of the right auricle, right ventricle and 
pulmonary artery, while the pulmonary tree showed 
irregular tortuous small arterioles with delayed passage 
of dye. Cardiac catheterization showed moderate 
pulmonary hypertension. 


Morbid Anatomical Features of Case 5 


Pathological changes were confined to the respira- 
tory and cardiovascular systems. In the fresh state 
the lungs appeared congested and felt nodular. 
Bronchi distal to the main segmental divisions were 
dilated and the mucosa of all bronchi was oedema- 
tous and inflamed. The pulmonary arteries were 
dilated and slightly atheromatous, and the heart 
showed moderate hypertrophy and dilatation of the 
right ventricle. After formalin fixation further 
macroscopic and microscopic studies were carried 
out. 


Macroscopic Appearances. The segmental bron- 
chi were normal, but the second and third divisions 
were dilated, being of similar calibre to the segmen- 
tal bronchus. Many of the dilated lateral divisions 
suddenly tapered to a fine thread barely possessing 
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Fic. 4a.—Case 5. A.W. Bronchogram showing brenchial dilata- 
tion in left lower lobe. Film in inspiration. 


a lumen. Divisions of the 
axial bronchi distal to the 
third division gradually 
tapered, but were still greatly 
dilated compared with the 
normal controls (Fig. Sa 
and b). The most striking 
feature was the extreme soft- 
ness of the bronchial walls, 
which, despite formalin fixa- 
tion, were as flabby as blood 
vessels. In nearly all of the 
bronchi dissected the trans- 
ition from firm rigid walls to 
soft easily compressible struc- 
tures was sudden and occur- 
red along the course of the 
second or third division. 
From this point to the peri- 
phery the walls remained soft, 
except where division occur- 
red when a slight resistance 
could be felt in the acute 
angle of the bifurcation. In 
several dissections it was 


ans 


Fic. 4b.—Case 
bronchi in left lower lobe. 





Fic. 5a.—Case 5. A.W. Dissection show- 
ing dilated bronchi, partly unroofed, of 


lingula and pectoral segments. 
reduced.) 


(Slightly 


ah Eon 


5. A.W. Bronchogram 


showing collapse 
Film in expiratien. 








Fic. 5b.—Dissection of normal anterior basic 


bronchus and its divisions. 


(Slightly reduced.) 
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difficut to trace an axial bronchus to the periphery, 
bronchial branching being dichotomous and forming 
two divisions of identical calibre. In many instances, 
however, a true axial bronchus was present (see 
Appendix). 


Microscopical Findings. These were as follows. 

SEGMENTAL BRONCHI (First DivisiON BRONCHI). 
The mucosa showed pseudostratified ciliated colum- 
nar epithelium with areas of squamous metaplasia 
(mucosa less folded than normal) resting on a 
narrow condensed band of collagen 7-20u. in thick- 
ness. Foci of lymphocytes were present with little 
apparent relation to the nature or state of the 
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mucosal cells (viz., pseudostratified, ciliated or non- 
ciliated, squamous metaplasia). 

Muscle coat was present in all bronchi examined. 
It was very thin in places (30-40) but elsewhere was 
quite thick (200-300u.). It was often thin next to 
cartilage plaques and thicker where cartilage was 
absent. Beneath the muscle and merging with it 
was a network of collagen and elastic fibres, thicker 
and more prominent in areas deficient in cartilage. 

Individual plaques of cartilage varied in size and 
appeared ‘chunky’, i.e. they were not long and thin 
as in the normal; in cross-section their size varied from 
700 u to 2,500 u and, as in the normal, their edges 
merged with the surrounding fibro-elastic network. 





plane of section, 


ee ae = 


Fic, 6¢.—Longitudinal section of segmental bronchus showing cartilage distribution in the normal. 





Bronchial divisions are numbered.) 
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Bronchial divisions are numbered, 


a Three bronchi arose out of plane of section. 





FiG. 7a.—Case 5. 
complete absence of cartilage in wall. 





FiG. 7b.—Normal control, showing cross-section of fifth division axial bronchus. 


cartilage present. ( 25.) 

SUB-SEGMENTAL BRONCHI (SECOND AND DISTAL 
Divisions). More numerous areas of squamous 
metaplasia were present in the mucosa, otherwise the 
pattern was similar to that in the segmental bronchus. 

Muscle was invariably present, sometimes thin 
(30-40 u) but quite often normal in appearance and 
thickness. Isolated areas of small round cell 
infiltration were present, some of which were 
associated with partial fibrous replacement of 
muscle. 


A.W. Showing a cross-section of a fifth division axial bronchus. 
C225.) 
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One must distinguish between 
the axial bronchus and its lateral 
divisions, all lateral divisions 
being devoid of cartilage whereas 
in occasional cases the third and 
even fourth division axial 
bronchi contained isolated 
cartilage plates. Thus, examina- 
tion of sections from the 
anterior basic bronchus (left 
lung) showed cartilage distribu- 
tion as follows. The segmental 
bronchus and the first, second 
and third division bronchi con- 
tained cartilage. In the third 
division bronchi, the plaques 
were widely separated and were 
small. In the fourth division 
bronchus, very occasional 
plaques only were 
Examination of the lingula 
bronchus showed cartilage as far 
down as the third division but it 
was absent distal to this. All 
other bronchi from the end of 
the second division showed walls 
devoid of cartilage except at 
each point of bifurcation where 
a small nub of cartilage was 
present in all cases down as far 
as the fifth, sixth and seventh 
division bronchi (Figs. 6a and 
b; 7a and b). 


The following changes were 
found in the more peripheral 
parts of the lungs. Bronchiolar 
obliteration was often severe and 
extensive (Fig. 8). Bronchioles 
were far less numerous than in 
the normal controls. Some that 
had been recently obliterated 
were still recognizable, but many 
were represented only by small 


Note 
areas of scarring. Emphysema 
was focal, related to obliterated 
bronchioles and moderately severe. Vascular 


thickening was slight, involving the medium-sized 
and small arterioles. 


Discussion 


The clinical features in all five children were very 
similar. The disease commenced in infancy, either 
insidiously as mild bronchitis or more acutely with 
morbilli. Persistent cough, wheezy difficult breath- 
ing, recurrent febrile episodes and widespread 


visible. ™ 
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Fic, 8.—Case 5. 


inspiratory and expiratory rhonchi and crepitations 
were the main clinical features. The chest was 
deformed as a result of diffuse bronchial and 
bronchiolar obstruction and pulmonary emphysema. 
As the clinical pattern and physical signs were those 
of chronic or subacute bronchiolitis with recurrent 
exacerbations, it was no wonder that a diagnosis of 
asthmatic bronchitis, or non-specific bronchiolitis, 
or tibrocystic disease of the pancreas was 
made. 

The course of the disease varied considerably. 
In two patients it was steadily downhill, death 
occurring at the ages of 4} and 3 years. Both 
patients died of progressive respiratory failure, the 
result of chronic infective bronchiolitis and pulmon- 
ary hypertension. One of the three living children 
is in good health, the only symptoms being a little 
cough and breathlessness out of proportion to the 
degree of physical activity. The other two are 
severely limited, any active exertion resulting in 
breathlessness. As these children have grown 
older, infection has become less and their general 
health correspondingly improved. 

The clinical features and bronchographic appear- 
ances of Case 1 suggested that expansion and 
narrowing of the bronchial walls with respiration 
was due to considerable structural weakness. Lack 
of cartilage seemed to be the probable structural 
weakness as similar expansion and collapse of the 
walls of the trachea and main bronchi had been 
observed when cartilage was absent from mal- 
development (Ferguson and Neuhauser, 1944; 
Evans, 1949; and Holingersand Johnston, 1957). 





A.W. Showing bronchiolar obliteration. (x 
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125.) 


The gross morbid anatomical findings in Case 5 
revealed dilatation of the sub-segmental bronchial 
divisions which were soft to feel and easily 
compressed, a marked contrast to the normal 
controls. Serial histological examination disclosed 
that the cartilage was deficient or absent along 
the walls in most cases from the third division 
down, but in small numbers was present in the 
angle of bifurcation of the bronchi. This deficiency 
in cartilage in the bronchial walls readily explains 
the physiological defect observed under the x-ray 
screen. 

The problem is whether this defect is a develop- 
mental one, or whether it is secondary to infection. 
The available evidence favours a primary develop- 
mental origin for the following reasons. The 
lesions were surprisingly uniform, involving almost 
the entire bronchial tree from the second or third 
segmental division downwards. The principal 
defect in the structure of the bronchial wall was in 
the amount and distribution of cartilage. Had the 
cartilage been destroyed by inflammation, other 
structures would almost certainly have been affected, 
e.g. muscle and elastic tissue, but there was little 
evidence of this. Again, if inflammation had 
caused dissolution of cartilage in the walls of the 
bronchi, one would expect to find several bronchi in 
which no cartilage at all was present. In fact, 
however, in all cases where a division occurred one 
could find a small piece of cartilage at the bifurca- 
tion, although the walls themselves remained 
deficient. Examination of the bronchograms shows 
a ‘nipping in’ at the site of branching of the bronchi, 
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corresponding presumably with this small piece of 
cartilage. 

In acquired bronchiectatic lesions cartilage 
destruction rarely extends up to the first and second 
segmental divisions, and then never in a uniform 
manner. Several patients examined in the present 
group soon after the onset of the disease showed 
gross bronchographic changes. The duration and 
the severity of the clinical infection was too short 
and too mild to result in such gross structural 
changes in the bronchial walls or to destroy the 
cartilage and cause ‘flapping’ during respiration. 
In no single case of bronchiectasis due to acquired 
disease have we seen changes comparable with 
those in these patients. We therefore presume that 
the cartilaginous defect is a developmental one and 
that the symptoms of chronic cough, wheezing 
febrile episodes and later pulmonary emphysema, 
pulmonary hypertension and respiration failure in 
two patients were consequent on chronic secondary 
infection in the bronchiolar tree. 
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Summary 

Five children with an unusual type of generalized 
bronchiectasis are described. . 

The clinical features of chronic cough, wheezy 
breathing and febrile attacks associated with wide- 
spread clinical signs in the chest and pulmonary 
emphysema were easily confused with asthmatic 
bronchitis, or chronic non-specific bronchiolitis or 
fibrocystic disease of the pancreas. 

The clinical and radiological features im the five 
patients and the morbid anatomical findings in one 
suggest that the underlying basis is maldevelopment 
in the cartilage of the bronchial tree. 
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APPENDIX 


The lungs of five children of approximately the same 
age as Case 5 were examined by macroscopic dissection 
and by serial section of segmental bronchi and their 
divisions to establish a normal pattern for children of 
this age group (Gray (1954), Hayek (1953), Miller (1937)). 
The results are summarized below. 


Macroscopic Findings 
Method. Fixed lungs were dissected with fine scissors 
commencing at the segmental bronchus, which was called 
the first division bronchus (see Fig, 9). Any branches 
arising from this were counted and the dissection was 
carried as far as possible into the periphery of the lung. 


Findings. The number of divisions of any segmental 
bronchus depended on the distance between the origin of 
the bronchus and the lung tissue it supplied. It was 
greater in longer bronchi than in short, e.g. lingula, with 
10 macroscopically visible bronchial divisions, and 
pectoral, with five to six macroscopically visible bronchial 
divisions. 

Divisions were of two types. Larger bronchi arose at 
a very acute angle. Small bronchi generally arose at a 
much greater angle from the parent trunk (lateral 
bronchi of Hayward and Reid, 1952). 

The concept of an axial bronchus (Hayward and Reid, 
1952) was not always easy to demonstrate. True 
dichotomous branching was common, the resulting 
bronchi being of similar calibre and coursing to the 


periphery, each giving off approximately the same 
number of divisions (see Fig. 5b). 

In general, however, a main or ‘axial’ bronchus could 
be followed from which lesser bronchi arose. 

The bronchi in the fixed state were firm and elastic. 

Circumferential cartilage plaques were present in all 
segmental bronchi and distally for three to six divisions, 
depending on the length of the axial bronchus. 

Isolated cartilage plaques occurred in the walls of 
bronchi from the fourth to the tenth divisions, although 
they were difficult to see in the more peripheral divisions 
and their presence had to be confirmed by histological 
examination. 


Microscopic Findings 


Serial sections were examined in continuity and all the 
branches arising from an axial bronchus were counted 
and an accurate assessment made of their cartilage 


content. The findings confirmed those made macro- 
scopically. 
Mucosa. Regular ciliated columnar epithelium 


pseudostratified down as far as the smaller bronchioles 
when it tended to become simple columnar in type. 
Mucosa rested on a condensed layer of collagen and 
merged with the underlying collagen network around 
mucous glands, muscle and cartilage. 


Muscle. This occurred in regular fasciculi beneath the 
mucosa and varied in thickness with the bronchi exam- 


C. (1957). Clinical aspects of 


GENERALIZED BRONCHIECTASIS 


Major bronchial divis- 
ions. Large plates of 
cartilage each encir- 
cling §~% of wall 


Lesser bronchial divis- 
ions. Small plates of 
cartilage 





Bronchioles (not re- 
presented) [0-12 
divisions 


Ø L. ost Basic Br. 


Fis. 9—Sketch of a typical normal bronchus and its divisions. 
Diagram shows method of numbering bronchi and distribution of 
cartilage in them. 


ined (from 50u up to 500). Muscle composed only a 
small portion of the thickness of the walls of the larger 
bronchi ¢ to 4) and slightly more (} to 4) of the 
more distal divisions. 


Cartilage. In the larger bronchi (in general divisions 
1-6) this was present as large plaques each partly en- 
circling the lumen (so-called circumferential cartilage 
plaques). Their thickness varied greatly, being greater 
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the larger the bronchus, and generally ranging from 
300-1,000u (Fig. 6b). 

In the lesser bronchi (axial divisions distal to the 
fourth or fifth, and most of the lateral bronchi) the 
cartilage was distributed sporadically in the wall as 
isolated bars joined by a condensation of collagen and 
elastic fibres. A cross-section of such a bronchus would 
reveal two to four small plaques around the circum- 
ference. Their thickness averaged 100-3004. Such 
cartilage plaques could be found distally as far as the 
sixth to tenth division, depending on which segment was 
being examined. 


Bronchioles. The transition from bronchus to bronch- 
iole was usually clear. Two criteria were used (a) 
cessation of cartilage, and (4) relation to surrounding 
lung. Thus, bronchi were always surrounded by a 
condensate of collagen in which ran several vessels, 
lymphatics and nerves, whereas bronchioles lay in 
intimate relation with lung parenchyma and lacked this 
collagenous mantle (Engel, 1947). In general the small 
peripheral bronchi contained cartilage in their walls, 
but this was felt to be a less reliable criterion than the 
latter, 

On these criteria bronchiolar divisions numbered 
10-12 in most cases. 
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SYMMETRICAL PERIPHERAL OEDEMA IN INFANTS 


H. EVERLEY JONES 
From the Children’s Department, the Royal Hospital, Wolverhampton 


(RECEIVED FOR PUBLICATION JUNE 2, 1959) 


Oedema is a common occurrence in newborn 
infants, particularly when they are premature. The 
seven patients, brief clinical accounts of whom 
appear below, appear to fall into a separate group. 


Case Reports 


Case 1. A male child was born in 1949 at term 
following a normal pregnancy and labour. His birth 
weight was 94 Ib. Swelling of the feet was noted soon 
after birth. He was breast fed for two months and then 
reared on dried milk. 

On examination at the age of 6 weeks symmetrical 
pitting oedema of both feet extending a short distance up 
the legs was present. The hands were spared and no 
other abnormalities were found. B.P. was 80/50. 

INVESTIGATIONS. Urine was repeatedly negative for 
albumin and deposit. 

Hb was 70%, R.B.C. 3,500,000 per c.mm., W.B.C. 
12,600 per c.mm. (neutrophils 44°, lymphocytes 49%, 
eosinophils 2%, monocytes 6%). 

Plasma proteins were 6°5 g. per 100 ml. (albumin 
4-6 g. per 100 ml., globulin 1-9 g. per 100 ml). Blood 
urea was 30 mg. per 100 mi. 

Biopsy from the dorsum of the foot showed that the 
epidermis was rather thin with oedema. The rete pegs 
were somewhat diminished and the corium a little 
thickened with some increase of collagen. There was 
slight perivascular infiltration with lymphoid cells. 

The oedema had vanished by the age of 18 months, 
while growth and development proceeded normally. 
When last seen at the age of 8 years the child was obese, 
weight 100 Ib. (mean 5943 Ib.), height 55 in. (mean 50 in.), 
but was otherwise normal. 


Case 2. This girl was an only child, although the 
mother had had two previous miscarriages. She was 
born in 1950, two weeks prematurely, after an uneventful 
pregnancy with a birth weight of 6 Ib. The mother was 
stated to have had slight swelling of the left foot all her 
life, and her mother was said to have had oedema of the 
feet for many years. No swelling was found in the case 
of the mother, and the grandmother had bilateral but 
unequal oedema of the feet associated with varicose 
veins. Both women appeared otherwise healthy. 

On examination at the age of 6 weeks the child was 
healthy apart from symmetrical pitting oedema of the 


feet and lower legs, which tapered off about half-way 
to the knees. The hands were affected to a lesser degree. 

INVESTIGATIONS. Urine was free from albumin and 
abnormal deposit and there was no abnorma! amino- 
aciduria. | 

Hb was 80°, R.B.C. 4,500,000 per c.mm., W.B.C. 
11,200 per c.mm. (neutrophils 43%, lymphocytes 51%,. 
monocytes 6°). 
blood calcium 11-2 mg. per 100 ml., serum phosphorus 
5-6 mg. per 100 mi. Plasma proteins were 6 g. per 
100 ml. (albumin 4 g. per 100 ml., globulin 2 g. per 
100 mil.). 

The oedema finally disappeared at the age of 4 years. 
She remained healthy apart from pneumonia when 7 
years old. When seen at the age of 8 years a scraping of 
the buccal mucosa showed a female chromatin pattern. 
She was small, weight 46 Ib. (mean 58 Ib.), height 45 in. 
(mean 494 tn.), and the only other abnormality found was 
dystrophy of the little toenails. Bone age at this time 
was one to two years behind the chronological age. 


Case 3. This girl, a third child, was born in 1951, the 
older two siblings being normal. She was said to have 
been born at term, but weighed only 4 Ib. 11 oz. at birth. 
Pregnancy and labour were normal. Her feet and hands 
were noticed to be swollen at birth. She was fed from 
birth on dried milk. ; 

When examined at the age of 2 months she weighed 
7 1b. 2 oz. She had symmetrical pitting oedema of the 
feet and lower parts of the legs and the hands. There 
was slight webbing of the neck, a low hair-line, high 
arched palate and rudimentary nails. Signs of coarcta- 
tion of the aorta were present. 

INVESTIGATIONS. Urine was repeatedly normal. Blood 
urea was 38 mg. per 100 mi., serum cholesterol 135 mg. 
per 100 ml. Wassermann reaction was negative, and a 
chest radiograph was normal. Radiological bone age 
was normal (aged 7 years). A scraping of the buccal 
mucosa at the age of 6 years was chromatin-negative, 
suggesting the male sex. 

When last seen at the age of 7 years she was mentally 
retarded and was attending an occupation centre. Her 
height was 44 in. (mean 47 in.) and her weight was 48 Ib. 
(mean 514 ib). The oedema of the hands disappeared 
in the first year, but that of the feet lingered until she 
was 5. The other abnormal features were more pro- 
nounced, and the chest was broad with widely spaced 
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Blood urea was 35 mg. per 100 ml. “en 


Pam 
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nipples. The signs of coarctation of the aorta were 
presen: with blood pressure in the arms 150/90 while the 
femoral pulses were not felt. 


. Case4. A female child was born in 1954, two weeks 
prematurely, after an uneventful pregnancy. Her weight 


-vat birth was 6% Ib. She is the third child and the two 


older children are normal. She was admitted to hospital 


= < at the age of 6 weeks on account of a respiratory infection. 
CUO On examination there was symmetrical pitting oedema 
“of the feet and lower parts of the legs and of the hands 
- and wrists, which the mother stated had been present 
~*~ from birth. 


epee | In addition slight webbing of the neck was 
- present and she had dystrophy of the toenails. 
INVESTIGATIONS. Urine was normal with no abnormal 
amino-aciduria. Hb was 85%. The plasma proteins 
rose from a total of 4-8 g. per 100 ml. at 2 months to 
6:5 g. per 100 ml. at the age of | year. On each occasion 
the electrophoretic pattern showed a normal proportion 
of albumin and globulin. Serum bilirubin was 0-3 mg. 
per 100 mi., serum alkaline phosphatase 21-5 K.A. units, 
thymol turbidity 1 unit, serum sodium 320 mg. per 
100 mi., serum calcium 10-6 mg. per 100 ml., serum 
phosphorus 6 mg. per 100 ml. 
Examination of a scraping of buccal mucosa showed 
that the chromatin pattern was of male type. 
The oedema of the hands disappeared by the age of 
12 months, but that of the feet continued until she was 
nearly 3 years old. With the passage of time other 
abnormalities became apparent, notably low hair line, 
“shark” mouth, ear deformities, anti-Mongolian slant to 
the eyes end broad chest with widely spaced nipples. 
She has remained small and at the age of 3 years 11 
months weighed 254 lb. (mean 35} Ib.) and was 364 in. 
in height (mean 393 in.). The blood pressure has always 
been normal and the bone age has corresponded with 
the chronological age. 


Case 5. This boy was the third child of healthy 
parents. The two older siblings were healthy. He was 
born normally at term in 1954 after an uneventful 
pregnancy, hig weight at birth being 7 Ib. Symmetrical 
oedema of the feet and lower parts of the legs and, to a 
lesser degree, of the hands was noticed just after birth. 
The only other abnormality observed was dystrophy of 
the toenatis. 

INVESTIGATIONS. Urine was free from abnormal 
constizuents and there was no unusual amino-aciduria. 
Hb was 90%, W.B.C. 6,500 per c.mm. (neutrophils 45%, 
lynyphocytes 45%). Blood urea was 34 mg. per 100 ml. 
and the plasma proteins varied from 5-9 g. per 100 ml. at 
2 morths of age to 6-9 g. per 100 ml. at 8 months. The 
alburmin/globulin ratio and electrophoretic pattern were 
normal on each occasion. 

Biopsy from the dorsum of the foot showed rather 
thick epidermis with somewhat marked keratinization. 
The corium showed no inflammatory reaction. 

Examination of a scraping of the buccal mucosa 
showed a chromatin pattern of male type. 

Sinee then he nas developed normally and the oedema 
_ finally disappeared by the age of 34 years. At 4 years 
Of age he was small, weighing 314 lb. (mean 373 Ib.) and 
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his height was 363 in. (mean 40 in.). The bone age was 
equivalent to his chronological age and the highest 
blood pressure recorded was 90/50. 


Case 6. The only child of healthy parents, this girl 
was born in 1955 at term after a normal pregnancy and 
labour, her birth weight being 84 Ib. Symmetrical 
pitting oedema of the feet, lower legs and hands was 
noted at birth. The only other abnormalities found 
were a defect of the left pinna and dystrophy of the 
toe-nails, especially of the little toes. She was fed on 
dried milk from birth. 

INVESTIGATIONS. Urine was repeatedly free from 
albumin and abnormal deposit and amino-aciduria was 
normal for her age. 

Blood urea was 40 mg. per 100 mil., serum sodium 
310 mg. per 100 ml. and serum potassium 22 mg. per 
100 ml. The plasma proteins were 5:9 g. per 100 ml. 
(albumin 3-9 g. per 100 ml., globulin 2-0 g. per 100 ml.). 
The electrophoretic pattern was normal and the Wasser- 
mann reaction was negative. 

The chromatin pattern from a scraping of buccal 
mucosa suggested the female sex. 

At the age of 2 weeks adrenocorticotrophin, 10 units 
of the gel daily, was tried. This was stopped after three 
days as the oedema became more marked. 

She has since developed normally both mentally and 
physically. Her blood pressure has never been raised, | 
and when last seen at the age of 3 years 2 months it was 
90/50. At that time she weighed 35 Ib. (mean 31 Ib.) 
and her height was 36 in. (mean 374 in.). The oedema 
of the feet was still present though less marked. That 
of the hands had cleared by the age of 3 years. Her 
bone age was normal. 


Case 7. This girl was the fifth child of healthy parents: 
the four elder siblings were quite healthy. She was born 
in 1955 at term, birth weight 5 Ib., following a normal 
pregnancy and labour. Swelling of the feet was noticed 
at birth and the hands were stated to be swollen at 
intervals. She was fed on dried milk from birth. 

On examination at 2 months of age she had symmetri- 
cal pitting oedema of the feet extending about half-way 
up the legs towards the knees. Mild pitting oedema of 
the backs of the hands was also present. In addition 
slight cyanosis of the nail beds and dystrophy of the 
toe-nails were seen. No other abnormalities were found. 

INVESTIGATIONS. Urine was repeatedly free from 
albumin and abnormal constituents and there was no 
unusual amino-aciduria. 

Hb was 85%, W.B.C. 6,500 per c.mm. (neutrophils 
50%). Blood urea was 40 mg. per 100 mi., serum 
cholesterol 120 mg. per 100 ml., E.S.R. 12 mm. in one 
hour (Wintrobe). The plasma proteins were 6:4 g. per 
100 ml. (albumin 4-2 g. per 100 mL, globulin 2-2 g. per 
100 ml.). The electrophoretic pattern was normal. 

A skin biopsy from the dorsum of the foot showed 
hyperkeratosis and mild parakeratosis with slight 
acanthosis. The deepest vessels of the corium were 
invested by an infiltrate of tissue cells, a few plasma cells 
and neutrophils. 
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A scraping of the buccal mucosa was taken at the age 
of 2 years. The chromatin pattern was of male type. 

When last seen at the age of 3 years 4 months her 
height was 314 in. (mean 38 in.) and she weighed 233 Ib. 
(mean 334 1b.). Her blood pressure was 100/60. The 
bone age was normal. Slight oedema of the feet only 
remained. 


All these children had one feature in common, 
namely oedema, always of the feet and usually to a 
lesser degree of the hands, which had been present 
from birth. Pitting was always present and there 
was no discolouration of the skin nor evidence of 
circulatory disorder. The swelling of the lower 
extremities presented a rather typical appearance, 


being most marked over the dorsa of the feet. It. 


tapered away up the legs to finish below the knees, 
resembling well-fitting field boots. It was always 
symmetrical. The oedema tended to disappear 
from the hands first, and to vanish from the legs in 
the first few years of life. In five children it has 
disappeared completely, while in two, both aged 
3 years, it is still present but decreasing. 

The marked similarity of the swelling without 
constitutional upset in all these seven patients 
suggests that all are suffering from the same disease, 
which has not occurred in other members of their 
families. In one instance the mother and grand- 
mother were said to have suffered from swelling 
of the feet but no oedema was found in the case of 
the mother while the grandmother’s oedema was 
associated with varicose veins, quite unlike the 
self-limiting disease seen in these children. 

Of these seven children, five were undersized for 
their age when examined in later years. Despite 
the inferior growth, in only one of them was there a 
retardation in bone age (one to two years at the 
age of 8). 

Five showed dystrophy of the toenails. This 
was confined to the toes and was most marked in 
the little toes. It was always symmetrical. The 
nails were small, deformed and had a brown hue. 

Finally, in three of the five girls examination of 
the chromatin of the cells in a scraping of buccal 
mucosa showed the nuclear sex to be male. In the 
other two girls and the two boys the chromatin 
pattern corresponded with the morphological sex. 


Discussion 
The usual causes of oedema in the young infant 
can be dismissed. There was no evidence of heart 
or kidney disease, and prematurity was not a factor. 
Hypothermia was not seen and arthritis was not a 
feature. 
Besides these well-known types of oedema the 


ARCHIVES OF DISEASE IN CHILDHOOD 


earlier literature contains records, often in the form 
of single case reports, of oedema involving the 
extremities of newborn children. Confusion resul- 
ted from the use of such terms as ‘trophic’ and 
‘lymphangiectatic’ oedema, ‘scleroedema’ and ‘ele- 
phantiasis’. 

Three names are particularly associated with these 
early accounts. 

Nonne (1892) described a family with swellings of 
the lower limbs which were firm, fleshy and non- 
pitting (congenital hereditary elephantiasis). 

Milroy (1892) gave an account of 22 persons 
among 97 members of one family with congenital 
‘trophic’ oedema of the extremities. The condition 
was hereditary, permanent and unaccompanied by 
constitutional disease. The oedema affected one or 
both legs and might extend up to Poupart’s ligament 
but not beyond. In 21 of the 22 cases the condition 
was present at birth. f 

Meige (1898) wrote of a family of eight, whos@™s 
members suffered from chronic oedema of the legs. 
The condition was not congenital and usually 
appeared at about puberty. - 

Volz (1938) gave a summary of the literature on 
oedema of the newborn baby up to that time, and 
described an infant similar to those described here. 
In addition his patient had bilateral epicanthus and 
loose skin at the nape of the neck. He listed 12 
other somewhat similar cases recorded up to that 
date. 

From this clinical medley Mason and Allen (1935) 
differentiated one group which they ealled con- 
genital simple lymphoedema. They described five 
patients in each of whom the oedema was con- 
genital, affected one limb only and was persistent. 
The unilaterality and non-familial incidence differ- 
entiated them from congenital, familial lymph- 
oedema or Milroy’s disease, of which they confessed 
they had yet to see an example. | 

The histological features of their cases were 
characteristic. The subcutaneous fat was replaced 
by enlarged lymphatic vessels and by fibrous tissue. 

These features exclude such a diagnosis tn these 
seven children in whom the oedema was always 
symmetrical and in whom biopsy failed to reveal 
the characteristic findings. 

Bonnevie (1932, 1934) showed that multiple 
malformations of the head and extremities appeared 
as a recessive trait in a race of x-rayed mice—-Bagg- 
Little strain (Bagg and Little, 1924). She showed 
that these deformities arose as a result of the 
excessive escape of cerebrospinal fluid through the 
anterior foramen, an opening in the roof of the 
fourth ventricle. This excess fluid accumulated as 
myencephalic blebs in the neck and then migrated 
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under the epidermis and eventually reached the 
extrerzities. Abnormalities resulted from the effects 
of pressure caused by these accumulations. 
2 Ulich (1936) adapted this theory to explain a 
. Number of apparently unconnected congenital 
_ defects in the human being. These were particu- 
Jarly anilateral deficiency of the pectoral muscles 
nd moter cranial nerve defects as well as various 
bnormalities of the hand (club-hand). They were 
ttribzted to arrest in the migration of myencephalic 
blebs. He also considered that unilateral webbing 
<c of the neck, congenital lymphangiectatic oedema 
and certain other defects, such as dystrophic nails 
and hepoplastic nipples, should be included in the 
wandering bleb hypotheses. These abnormalities 
were grouped together as the status Bonnevie- 
Ulirics, asymmetrical type. 

In sacceeding years this conception was expanded 

and, under the title of symmetrical status Bonnevie- 

P*Ulirics, a number of seemingly diverse defects was 
assem>lec. The most important of these was 
bilateral webbing of the neck (pterygium colli) 
accompanied by low hair line, preference for the 
female. sex, loose skin, epicanthus, sagging eyelids, 
‘shark" mouth, abnormalities of the ears, high 
arched palate, cubitus valgus, defects of the nails, 
some degree of dwarfism and sexual infantilism, 
‘mushroom’ epiphyses of the long bones, increased 
digital markings of the skull and oedematous 
sweilimes of the neck and extremities at birth which 
tend to disappear with the passage of time (Ullrich, 
1949). Ullrich has since conceded that the wander- 
ing bib hypotheses can no longer be regarded as 
applicable to the symmetrical, as opposed to 
asymmetrical, type of the status. 

Independently Turner (1938) described seven 
girls fom 15 to 23 years of age, each of whom 
showez a triad of infantilism, webbing of the neck 
and elbow deformity. As Ullrich remarked, these 
features comprise only some of the characteristics 
included by European authors in the symmetrical 
form of status Bonnevie-Ulirich. Yet writers of the 
Englisa-speaking nations commonly refer to this 
complex as Turner’s syndrome. 

In tze last 10 years further additions to the status 
have been suggested (Rossi and Caflisch, 1951; 
Silver, Kiyasu, George and Deamer, 1953). Ter- 
minolegy has been varied and largely centred on the 
questien of sexual infantilism. The latter has 
received much interest since the demonstration by 
Moore, Graham and Barr (1953) that the genetic 
sex of body cells may be determined by a study of 

_ the nuclear chromatin. Use of this technique has 
< Showr that the majority of the affected patients, 
<: though morphologically girls, are genetically of the 
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male sex and have gonadal hypoplasia. In children 
examination of sections of the skin or scrapings of 
the buccal mucosa have enabled a correct diagnosis 
to be made before the absence of the normal changes 
occurring at puberty would draw attention to the 
condition. Examples in early life have been 
described by Silver (1956) and Grumbach (1957). 
The patients of both these authors had oedema of 
the feet in early infancy, which gradually dis- 
appeared. 

Grumbach remarked that there is a group of 
young patients of either sex with a varied number of 
congenital defects, as described by Ullrich and 
Turner, in whom testes or ovaries are present 
normally. In these children gonadal and chromatin 
sex correspond and normal secondary sexual changes 
occur at puberty. He suggested that these patients 
should be grouped under the title of Turner- 
Ullrich syndrome to differentiate them from those, 
nearly all female, who also have gonadal atrophy, 
usually with male sex chromatin, whom he would 
label simply as gonadal dysgenesis. 

As might be expected in a syndrome combining 
so many different defects, many examples are 
incomplete. In three of the seven children des- 
cribed here the appearances came to be charac- 
teristic of the symmetrical type of the status. The 
demonstration of cytological male sex in morpho- 
logical females showed that they belonged to the 
gonadal dysgenesis group. The oedema present 
in the other four was identical with that seen in 
these three. In addition some other of the des- 
cribed features, such as small size or dystrophy of 
the nails, were usually present, and it is suggested 
that they are incomplete forms of the status and 
should be included in the Turner-Ullrich syndrome. 


Summary 


Seven children, each of whom showed symmetrical 
peripheral oedema of the lower extremities and 
usually of the upper extremities to a lesser degree, 
are described. 

Four of them are considered to be examples of the 
symmetrical type of status Bonnevie-Ullrich in 
incomplete form, while the remaining three, all 
girls, are examples of the more complete form, also 
known as Turner's syndrome or gonadal dys- 
genesis. 

When children show this clinical picture it is 
advisable to determine the genetic sex by examina- 
tion of the nuclear chromatin. 


Thanks are due to Dr. A. G. Marshall for pathological 
investigations and to Dr. Alan Booth for radiological 
examinations. 
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PAEDIATRIC PATHOLOGY CLUB 


Proceedings of the Fifth Annual Meeting 


=- The Fifth Annual Meeting of the Paediatric 
c: Pathology Club was held at Bristol on October 23 
and 24, 1959. The meeting on October 23 was 
>c held at the Children’s Hospital, St. Michael's Hill, 
~ when the chair was taken by Dr. Norman Brown. 
The meeting on October 24 was held at Southmead 
Hospital, when Dr. Frank Lewis was chairman. 
Dinner was taken at the Ashton Court Country 
Club. Forty-five members and guests attended the 
meeting. 
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— Scientific Communications 
EpwarbD Hart (Liverpool). ‘Primary Hyperoxa- 
luria,’ Eight cases of this condition occurring in three 


families were described and the histology illustrated. 
The familial nature of the condition was briefly dis- 
cussed. (Further details of these families are to be 
published in this journal shortly.) 


J. F. Boyp (Introduced by A. M. McDona tp, Glas- 
gow). ‘Adrenal Hypoplasia in Siblings.’ The first 
child of healthy parents was admitted when 3 weeks old 
with a history of abdominal pain and vomiting. Intes- 
tinal obstruction was diagnosed and at laparotomy a 
volvulus of the small intestine was found and was undone 
successfully. Post-operatively vomiting continued; the 
patients condition deteriorated and he died. Autopsy 
revealed hypoplastic adrenal glands. 

The second child born four years later was also a boy 
and he was. admitted when 9 days old with a history of 
persistent vomiting. No ante-mortem diagnosis was 
made, but the child was treated on the basis of an 
overwhelming infection with hydrocortisone and anti- 
biotics. In spite of this his condition deteriorated and 
he died within 24 hours. 

Autopsy revealed hypoplastic adrenal glands. 

The paper described and compared the post-mortem 
and histological features in the two cases. The evidence 
Suggested that in each case this was a primary failure 
of the adrenal glands rather than a pituitary failure. 


AVINASH MirHaL (Introduced by Jonn L. Emery, 
Sheffield). ‘Postnatal Development of the Lung.’ 
A study of the postnatal development of the terminal 
respiratory unit had been carried out which indicated 
that there is an increase in the number of alveoli 
following birth. There is a rapid increase in the 
production of alveoli during the first year after birth and 
o @ steady increase in the formation of alveoli throughout 
the whole of childhood, 


Differential counts had been done on the respiratory 
tubes in the lung which suggested that there is an 
increase after birth in the number of small bronchioles 
and that slow progressive cartilaginization of these 
bronchioles occurs during later childhood. 


P. O. Yates (Introduced by F. A. LANGLEY, Man- 
chester). ‘Birth Injury to the Neck.” This paper was 
published in full in this journal (Archives of Disease in 
Childhood, 34, 436.) 


Kerru Rocers (Birmingham). ‘Group F Haemo- 
lytic Streptococci as Pathogens in Children.’ This 
group of streptococci is of importance im lesions con- 
nected with the whole gastro-intestinal tract, but the 
organisms demand a slight increase of CO, in the atmo- 
sphere in which they are grown, and a simple technical 
procedure was described to provide this. 


EDITH FaterMAN (Introduced by HUGH CAMERON, 
Birmingham). ‘The Significance of One Umbilical 
Artery.” Eleven cases of single umbilical artery were 
encountered among 411 routine autopsies on stillbirths 
and live born babies of 8 weeks of age or less (an incidence 
of 2-7%%). 

Severe associated malformations were found in 81%, 
and in 23% of controls. The commonest malformation 
was of the lower urinary tract. There was a high 
incidence of stillbirths (45°) and of twinning (18%). 
In only one case was there an associated abnormality of 
the placenta. No correlation was found between the 
condition and maternal factors. 

Absence of an umbilical artery can be diagnosed at 
birth by simple examination of the cord. In the absence 
of severe external malformations, such an infant has a 
2:1 risk of internal malformations, which may require 
early surgical treatment. 


G. S. ANDERSON (Newcastle). ‘Pituitary Lesions 
Associated with Congenital Adrenal Hypoplasia.’ 
Pituitary malformations in the absence of severe lethal 
malformations of the head are rare and comprise four 
published cases, all showing adrenal hypoplasia. 

Three further cases were briefly described although 
one showed a cleft palate and other incidental abnormali- 
ties. The three infants died unexpectedly at 18, 23 and 
33 hours and in all the adrenals were hypoplastic, 
resembling those in anencephaly. In one, a male, the 
pituitary grossly appeared absent but may have been 
ectopically placed in the sphenoid bone. The testes 
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were undescended and showed marked tubular and 
interstitial cell hypoplasia. 

In the other two cases, both females, a small bean- 
shaped nodule of tissue was found in a small sella. 
Serial sections in both cases showed it to consist solely of 
pars anterior. In both cases there was a small rounded 
blunt knob of tissue in the region of the tuber cinereum 
which histologically was composed of malformed neuro- 
hypophyseal tissue anterior to which was a minute 
island of anterior lobe cells. In one case these cells 
apparently formed an attenuated connexion with the 
anterior lobe tissue in the sella. 

It was suggested that the fundamental lesion in these 
cases was the pituitary malformation and that the 
adrenal hypoplasia was but one effect of this, although 
probably the most important. 


H. B. MarspENn (Manchester). ‘Herpes Encephalitis 
following Fracture of the Skull.” A girl, aged 4 years, 
sustained a compound depressed fracture of the skull. 
There was excellent recovery for one week but on the 
eighth day pyrexia developed with convulsions and 
progressive coma. The child died 11 days later and at 
autopsy an inflammatory reaction was found in the brain 
involving the meninges and, in particular, the pons and 
basal ganglia. Perivascular cuffing and foci of inflam- 
matory cells were prominent. An abundant growth of 
herpes virus in HeLa culture was obtained from the 
basal ganglia, the lung being sterile. 

Evidence was produced to suggest that this was a case 
of herpes encephalitis, the virus probably entering at the 
site of the fracture. 

The distribution and nature of the lesions were 
predominantly basal and cellular rather than destructive 
and unusual. Comment was made on the absence of 
Lipschiitz bodies or type-A inclusions. 


K. M. Laurence (Cardiff). ‘The Pathology of 
Hydrocephalus.’ The material seen between 1955 and 
1958 at The Hospital for Sick Children, Great Ormond 
Street, London, was presented. 

On the basis of the series, under-absorption was 
thought to be unproven, and over-production of C.S.F., 
seen in cases of choroid plexus papilloma, though 
interesting, was uncommon, while obstruction to the 
C.S.F. pathway was both pathologically and numerically 
the most important. Examples of aqueduct malforma- 
tion were shown, most of which were found in association 
with other C.N.S. anomalies, notably spina bifida 
cystica and the Arnold-Chiari malformation. It was 
stressed that in cases of spina bifida cystica, the often 
associated hydrocephalus, although frequently due to 
malformation, was in many cases aggravated by, if not 
entirely resulting from, post-inflammatory lesions caused 
by ascending infection from the myelocoele. 

Aqueduct gliosis, although rare, presented problems 
in aetiology. Because of its association with neuro- 
fibromatosis, it was suggested that, like neurofibromato- 
sis, it might be hamartomatous in origin, 

The purely inflammatory lesions formed about half 
the series. The various pathological changes, such as 
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aqueduct ependymitis leading to aqueduct block, and 
occlusive fibrosis of the arachnoid resulting in fourth 
ventricle exit foramen, or basal cistern block occurring 
singly or in combination, were illustrated by cases. 

It was stressed that in over 60%, of this group bleeding 
into the C.S.F. pathway at the time of delivery was 
regarded as the aetiological inflammatory agent, though 
in some cases little evidence of bleeding could be found 
at the time of the autopsy. (in discussion several 
members said that this series is a highly selected group 
and does not represent the hydrocephalus seen generally 
in the country.) 


H. Uricu (London). ‘Some Remarks on the Neuro- 
nal Lipidoses.’ Al neuronal lipidoses share the charac- 
teristic feature of accumulation of lipids in the cytoplasm 
of nerve cells in addition to storage in other organs. Six 
diseases of this group were studied in Dr. R. M. Norman’s 
laboratory in Bristol (see Table). Contrary to some of 
the older teaching based on superficial similarities, these 
diseases constitute separate entities distinguishable both 
histologically and by chemical analysis. | 

The conditions most commonly confused are Tay- 
Sachs’ disease and Niemann-Pick’s disease, despite the 
differences in the chemical composition of the brain in 
the two conditions. Examination of a case of Tay- 
Sachs’ disease with exceptionally severe visceral involve- 
ment also revealed histological differences. The coarse 
vacuoles found in this case in reticulo-endothelial and 
glandular epithelial cells were apparentiy empty in 
formalin-fixed material, while in Niemann-Pick’s disease 
the stored lipid could be easily stained with haematoxylin 
lakes. 

Batten’s disease (juvenile amaurotic idiocy) differs 
from Tay-Sachs’ disease in the absence of an excess of 
ganglioside in the brain. The lipid stored in reticulo- 
endothelial cells of some cases is histochemically similar 
to that found in the neurones. It has not been identified 
chemically. 

Gargoylism can be distinguished from the amaurotic 
idiocies by the involvement of connective tissues including 
the meninges and the adventitia of cerebral blood 
vessels. 

In infantile Gaucher’s disease only a few nerve cells 
show unequivocal signs of storage while others undergo 
degeneration without preceding storage. This pheno- 
menon also occurs in other neuronal lipidoses and may | 
be illustrated by the atrophy of the granular layer of the 
cerebellar cortex in Batten’s disease. 

The inclusion of metachromatic leuco-encephalopathy 
in this group is based on the finding of storage of sulpha- 
tide in numerous neurones of the basal ganglia. brain 
stem, spinal cord and posterior root ganglia. Severe 
demyelination, which is the most striking feature of this 
condition, may also be found in other neuronal lipidoses, 
particularly in cases of Tay-Sachs’ disease with a pro- 
tracted clinical course. 

Neuronal storage, degeneration of nerve celis and loss 
of myelin sheaths may all be interpreted as results of the 
various disorders of lipid metabolism, presumably 
enzyme deficiencies, characteristic of these diseases. 
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R. M. Norman (Bristol). ‘Intracerebral Calcifica- 
Tbe histological evidence pointing to a vascular 
factor in the pathogenesis of cerebral calcification was 
illustrated by reference to cases of the Sturge-Weber 


syndrome and of symmetrical cerebral calcification. In 


ized in the outer layers of the cortex, that is, near the 
meningeal angiomatosis, but they are also seen in certain 
deeper laminae, netably the fourth layer of the calcarine 
cortex. In symmetrical cerebral calcification, whether 
associated with parathyroid deficiency or with familial 
microcephaly, the cortical calcifications have a predilec- 
tion for the deeper parts of the gyral walls, especially in 
the boundary zones between major arterial territories. 
The fourth layer of the calcarine cortex may also be 
selectively affected. In the basal ganglia the localization 
of the calcifications is very similar to that found in status 
marmoratus following birth injury, though the lesions 
are otherwise dissimilar. The common factor appears 
to be a selective vulnerability of the capillaries of the 
affected areas. 


The following short papers and cases were also 
presented: | 

KENNETH RHANEY (Dundee). ‘Hypertrophy of the 
Choroid Ptexus.” A full-term female foetus with gross 
hydrocephalus was delivered with difficulty after cranio- 
tomy. The trunk and limbs were normally developed 


and nothing of interest was found in the thoracic and 


» abdominal viscera. 


The head was greatly enlarged although the bones of 
the vault showed premature synostosis and the fontan- 
elles were not enlarged. Reconstruction of the damaged 
brain showed that the septum lucidum, fornix and most 
of the corpus callosum were absent and that the lateral 
and third ventricles formed a single chamber. The 
lateral ventricles were greatly dilated; they were enclosed 
by a thin shell of cortex and atrophic white matter and 
their epencymal surface was coarsely nodular. Posterior 


to the gena the corpus callosum was replaced by a thin 
-membrane which lined a large sac. 


This sac lay between 


-~ the cerebral hemispheres posteriorly and formed part 





< ofthe common ventricle. 


‘The whole choroid plexus in the common ventricle 
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formed a large tumour with a rough irregular surface. 
On histological examination it showed the classical 
structure of a simple choroid papilloma. 

The brain stem and cerebellum showed no abnorm- 
ality. The aqueduct was of normal size, and the fora- 
mina of the fourth ventricle were patent. The lepto- 
meninges showed recent haemorrhage but no other 
macroscopic abnormality. 

The papillomatous choroid plexus appeared to be 
responsible for ventricular dilatation. It may well have 
produced an excess of cerebrospinal fluid and also given 
rise to obstruction. 


Lesie Warre (Manchester). ‘Cushing Syndrome 
associated with Suprasellar Tumour in an Infant.’ 
A male infant of 3 months presented with typical Cushing 
syndrome. There was sudden deterioration after 17 
days with death. Autopsy revealed a large suprasellar 
tumour and bilateral adrenal hypoplasia with terminal 
thrombosis of the galenic veins. The tumour, which was 
continuous with a normal size pituitary gland, had an 


undifferentiated lobular epithelial structure. Some 
evidence of basophil cell origin was obtained. 
A. M. McDonald (Glasgow). ‘Krabbe Type Diffuse 


Cerebral Sclerosis.’ A female, aged 9 months, was 
admitted the day before death severely ill with broncho- 
pneumonia; she had been brownish-yellow at birth and 
for the following two months. At 7 months of age she 
had not sat up; she was a fat, mentally deficient child and 
her eyes did not follow light. Skull circumference was 
43 cm., and she had a large anterior fontanelle, 

At autopsy a Krabbe type of diffuse cerebral sclerosis, 
bronchopneumonia, gastric ulcers and oesophagitis were 
found. 


A. M. McDonacp (Glasgow). ‘Congenital Absence 
of Bilary Ducts... A premature male baby with com- 
plete harelip and cleft palate developed jaundice and 
white stools at the age of 7 weeks. Liver function tests 
suggested an obstructive type of jaundice. 

A cholangiogram showed free passage of contrast 
medium into the duodenum through the common bile 
duct. The hepatic duct was faintly outlined and small 
in calibre. 
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At biopsy the liver was olive green. Histological 
examination showed that biliary ducts were either absent 
or in very small numbers. Biliary thrombi were also in 
small numbers. Early fibrosis was equivocal. The 
lesion was considered to be a bile duct atresia at the 
ductal level and it was thought that cirrhosis would 
follow. 

The child is now 10 months old, is very well and not 
jaundiced. The cleft palate is about to be repaired. 


E. Hare (Liverpool). ‘Ganglioneuroblastoma. An 
Unusual Presentation.” A case of extra-adrenal abdo- 
minal ganglioneuroblastoma in a 24-year-old boy who 
presented with severe diarrhoea and some vomiting. 
There was a striking cessation of symptoms after removal 
of the tumour. Attention was drawn to a small number 
of similar cases recorded in the literature, and the 
possibility that a minority of these tumours may have 
internal secretory effects was discussed. 


IAN Dawson (London). ‘Adenocarcinoma of the 
Testis in a Child of 1! months... A Jewish child of 
1i months developed a gradual, apparently painless 
swelling in the left testis over a period of two months. 
Both testes were present in the scrotum. A left orchidec- 
tomy was performed. 

The testes measured 3x2x1-5 cm. and appeared 
completely replaced by yellowish, rather gelatinous 
tissue. The epididymis appeared to be intact. 

The histological appearances were uniform throughout 
all the blocks. The tumour consisted of irregularly 
arranged gland acini which varied in size from small 
solid elements to irregular spaces, into some of which 
papillary processes projected. The epithelium was in 
places cubical, in places low columnar. The acini were 
separated by loose oedematous stroma. 

This tumour falls into the group of those described by 
Magner (1956) and may be called an adenocarcinoma of 
infant testis. The source of the growth remains uncer- 
tain but may be rete or junctional tubules. 

(Several members of the club had seen similar tumours.) 


R. L. Horman (Introduced by G. Ossorn). ‘Per- 
sistence and Overgrowth of Immature Blastema in Both 
Kidneys of a Premature Infant.’ A female infant born 
of 32 weeks gestation who survived 13 hours. Death 
was due to respiratory insufficiency; the lungs were only 
partially expanded and haemorrhagic. 

Both kidneys were greatly enlarged; each weighed 
70 g. and measured 7-0 3-53-35 cm.; the cut surfaces 
showed replacement of normal structure by irregular 
cream and brown areas. The capsular surface showed a 
moderate degree of lobulation, 

Microscopically both kidneys showed widespread 
persistence and overgrowth of immature blastema tissue 
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interspersed and mingled with smailer zones of normally 
differentiated renal tissue. Immature blastema showed 
all gradations from undifferentiated deeply basophilic 
round cells through developing tubules anc glomeruli to 
moderately well defined structures. A moderate number 
of mitoses were present in many such areas. There 
were many large straight tubules, probably all collecting 
tubules, extending radially from the medulla through the 
immature cortical zone almost to the capsule. Many of 
these were dilated, especially where they branched. 


_ Some collecting tubules ended in relation to zones of 


immature blastema tissue. Terminal coHecting ducts 
were largely of normal appearance and lined by transi- 
tional cells distended with glycogen. Ne heterotopic 
tissues such as skeletal muscle and cartilage were found. 

The diffuse nature of the anomaly in these kidneys 
suggests some generalized failure of organization of 
normal development rather than a localized overgrowth 
of metanephric blastema, such as occurs in a nephro- 
blastoma, 


HuGH CAMERON (Birmingham). “Angioma of Latynx 
in Laryngeal Stridor.. This paper concerned three 
infants with severe persistent laryngeal stridor which did 
not respond to medical treatment or tracheotomy. Al 
showed severe laryngo-tracheitis at autopsy and a small 
submucosal capillary haemangioma of the sub-gloitis. 
These angiomas may be missed unless particularly 
careful examination is carried out and they appear to be 
more common in intractable laryngeal strider than is 
usually recognized. 


Douglas BAIN (Edinburgh). “Congenitai Leukaemia.’ 
Two cases of congenital leukaemia were described, one 
of which was presented at birth with nodules tn the skin. 
There was no history of mongolism or of radiation 
during pregnancy. 


Joun L. Emery (Sheffield). ‘Chronic Rectal Ulcer in 
Boy of 147 A chronic indurated bleeding ulcer situated 
in the anterior wall of the rectum which was probably 
basically an angioma. 


G. S. ANDERSON (Newcastle). ‘Pinhole Perforation 
of the Foetal Colon.” A child with meconium peritonitis 
due to perforation of the colon, apparently due to a local. 
defect in musculature. 


A. M. McDonaLtp (Glasgow). ‘Umbilical Polyp.’ 
An Il-month-old male infant presenting with an umbili- 
cal polyp. Since the cord separated a small black lump 
had been present in the umbilicus. Histelogy showed 
the features of a simple pigmented naevus, the colour 
being due to excessive melanin. 


“tion ard the nursing of sick children at home. 











Iping. Your Child te Get Wel. Ed. LEN CHALONER. 
By Simon YUDKIN, J. LANGRIDGE, PHYLLIS WOOLRICH 


and Lex CuHaroner. (Pp. 142; 31 figs. 16s.) 
“Loncon: Allen & Unwin. 1959. 
This bock is full of sound common sense. It is not 





intended to be a family doctor but information on some 
diseases is given for which the child would be nursed at 
home. It is in three parts. The first deals with observa- 
It is 
= written in such a way that it makes for a good patient- 
doctor celationship. The second part gives good advice 
on providing interests for children of all ages who are 
nfined to bed. The suggestions are useful and in- 
ex ive. The third part discusses the problems 
arising when a child has tọ go into hospital. The book 
can be highly recommended but it seems a pity that the 
price is so high. 





The Caild with a Handicap. 
MaARTMER. (Pp. xxiv-+-409; illustrated; 82s. 6d.) 
Oxford: Blackwell Scientific Publications. 1959, 
Althcugh the preface states that this book ‘is not 

primarily a medical text’ but is designed for ‘a more 

general public’, there is much in it to profit family 
doctors. school doctors and paediatricians. 

The mair part ef the book is composed of 15 chapters 
contributed by individual experts on all the usually 
accepted childhoed handicaps, poliomyelitis, cerebral 
palsy, visua! defects, speech and hearing defects, muscular 
__ dystrophy, mongo ism, as well as some of the less common 

handicaps such as familial dysautonomia and amputa- 

tions. 

Each of these chapters is a clearly written guide to the 
background and ciinical definition of a specific handicap. 
The effects of the handicap are explained and treatment as 
well as general management of the child are detailed. 
Special note is made of the various agencies concerned in 
medical and surgical care, physiotherapy, schooling, 
occupational training and guidance in choosing a career. 

Five of the chapters are illustrated and most contain 
references to recent work, especially to recent articles in 
paediatric terature. 

The first five chapters are separate essays, defining the 
part played by the members of “The Team’ in the manage- 
ment of the disabled child. The points of view of the 

parent, the physician, the psychiatrist, the teacher, and 

-the social worker are given equal prominence. 

SUCA chapter on the Role of Adoption Agencies is some- 

what umexpected in a book of this sort, but makes clear 

e reaciness of would-be adopting parents in the United 

: States accept children with a» variety of handicaps. 


Edited by Epacar E. 
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BOOK REVIEWS 


The following chapter on Heredity Counselling gives 
examples of family situations in which such discussion 
had been very important. 

The final chapters are a series of short guides. Besides 
lists of play, reading and education materials, they include 
in ‘Guides for Discipline’ and ‘Guides for Parents’ two 
short, thoughtful essays on the general management of 
any disabled child. 

Although the book has 27 contributors, the Editor has 
been successful in obtaining a high level of clarity in the 
descriptions of the various disabilities, of modern methods 
of management, and of the many agencies involved. 

Whilst some of the chapters are directed chiefly to the 
parents of handicapped children, much of the clinical 
detail would seem, to a reviewer working in the British 
Isles, to be far beyond the requirements of the average 
parent. The book’s principal value lies in its wide view of 
the whole field of handicapped children and its very 
clear presentation of the details of so many disabilities, 
It should be read by all who have any part in the clinical, 
educational or administrative care of any child with a 
handicap. 


Diagnosis of Congenital Heart Disease, 2nd ed. By 
SWEN R. KJELLBERG, EDGAR MANNHEIMER, ULE 
RUDKE and BENGT JONSSON. (Pp. xiv +866; 727 figs. 
$28.00) Chicago: The Year Book Publishers, Inc. 
1959, 

The second edition of this important diagnostic manual 
of congenital heart disease closely follows the pattern 
of the first and is based on a detailed analysis of material 
seen at the Karolinska Hospital in Stockholm, now 
swollen to 742 cases. It is enlarged by four chapters, 
contains many amplifications and corrections as well as 
an increased number of illustrations. 

In the 30 different abnormalities studied, six contain 
between 60 and 140 examples of each and between them 
comprise 80% of the total. They are patent ductus 
arteriosus, ventricular septal defect, coarctation, pulmon- 
ary stenosis, auricular septal defect and Fallot's tetralogy, 
in that order of frequency. 

The first few chapters are devoted to the embryology of 
the heart, X-ray anatomy, techniques and to a brief 
summary of material to be studied. Thereafter each 
condition is taken in turn and the chapters follow each 
other in a repetitive pattern of clinical features and 
E.C.G., X-ray, electrokymography, cardiac catheteriza- 
tion, haemodynamics during exercise and angiocardio- 
graphy. This list may be abbreviated for a few un- 
common conditions but the arrangement never alters. 
Each condition is illustrated with a profusion of photo- 
graphs, diagrams, tracings and charts. At the end of the 
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book there is a list of over 700 references with titles in full 
and an index which, though short, appears to function 
efficiently. 

To the reviewer, an English-style consulting paedia- 
trician without special cardiac training, of average 
intelligence but perhaps with difficulties regarding spatial 
relationships, this book is a revelation and has led to a 
revolution in the understanding of congenital cardiac 
disease. Every page and illustration bears evidence of 
imaginative effort spent in clarifying and elucidating 
problems relating to the action and haemodynamics of 
the heart working under abnormal conditions, and step 
by step each investigation is made to yield up its logical 
contribution to diagnosis. An important contributory 
factor to the character of this book is the impeccably 
simple and consequently lucid English in which it is 
written, which must reflect on both the original Swedish 
and on the translation. 

The book sticks precisely to its terms of reference and 
diagnosis never spills over into prognosis, nor is there 
ever a hint that the subtle exposition of morbid anatomy, 
physiology and haemodynamics might have a bearing on 
treatment. But perhaps it would be greedy to ask for 
more: it is a fine book to have to refer to frequently. 


Rheumatic Fever: Epidemiology and Prevention. Ed. R. 
CRUICKSHANK and A. A. GLYNN. (Pp. 193; 26 figs. 
25s.) Oxford: Blackwell Scientific Publ. 1959. 


In September, 1956, at the invitation of Professor R. 
Debré a conference was held at the International Child- 
ren’s Centre in Paris under the chairmanship of Dr. David 
Rutstein. 

Experts from all over the world assembled to discuss 
the epidemiology and prevention of rheumatic fever. 
This record of the proceedings is arranged in sections, 
each of which is introduced by an acknowledged authority 
(R. Wahl, P. Hedlund, M. McCarty, E. G. L. Bywaters, 
M. Finland, P. Mozziconacci and Mile J. Labesse), and 
each is followed by a series of short communications and 
a general discussion. Among a large number of distin- 
guished delegates Bruce Perry, R. E. O. Williams and 
R. Cruickshank represented Great Britain. 

This account contains a cross section of international 
opinion regarding the bacteriology and immunology of 
Group A haemolytic streptococci, including practical 
information about the isolation and recognition of these 
organisms and their antibodies. This ts followed by a 
discussion of the epidemiology of streptococcal infections 
and their relationship to the development of rheumatic 
fever in certain individuals. This leads naturally to 
consideration of methods of preventing rheumatic fever. 

After an interesting discussion by Finland on changes 
in the resistance of bacteria to antibiotics since 1949, a 
number of important points were raised. For example, 
although sulphonamides are suitable for prophylaxis 
of rheumatic fever since they are not bactericidal, they are 
quite unsuitable for treatment of streptococcal infections 
or for the prevention of first attacks. Penicillin is the 
most effective available agent, both for prevention and 
control of streptococcal infection. Unfortunately half 
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the attacks of rheumatic fever occur without any obvious 
sore throat and the diagnosis of rheumatic fever is still 
largely a matter of clinical judgment and application of | 
the criteria laid down by Duckett Jones. 

The proceedings of the Conference have been trans- 
lated and edited by Professor R. Cruickshank and Dr. 
A. A. Glynn, who are successful in producing a readable 
and well balanced book. 


The Artificial Feeding of Normal Infants. 
Empin. (Pp. 113; 3 figs. 
1959. 

It is not very long since the artificial feeding of infants 
was considered an exact science and books on the subject 
were bulky and their formulae complicated. As a 
result few students made any serious attempt to under- 
stand the problem and many practitioners have been 
content to leave it to their nursing associates or advised 
mothers to follow the instructions on. the tin. f 

Since then the subject has been simplified and igss 
realized that most babies are very (legac oil 
survive on almost anything approaching a normal feed. 
There can be no scientific exactitude in a subject where 
measurements are in teaspoons which from house to 
house vary in size and in how well they are filled. 

A new difficulty has arisen, however, in the multi- 
plicity of preparations now available for infant feeding 
and this book sets out to present ‘a simple, practical 
feeding scheme applicable to feeding with natural cows’ - 
milk and all types of the proprietary milk products in 
common use’. In this it succeeds admirably and the 
principles laid down are those generally recognized by 
paediatricians as the most satisfactory. 

The book is divided into three parts. The first 
considers artificial feeding in general, the second des- 
cribes the use of the different preparations available, and 
the last is an up to date discussion on mixed feeding and 
the use of dietary supplements. The subject matter is 
clearly and simply presented and there are numerous 
valuable tables making for easy reference. 

This is a most satisfactory book and one which I have 
no hesitation in recommending to students, nurses and 
practitioners. 


By WILLIAM 
16s.) Howard Timmins. 


A Manual of Paediatrics for South-East Asia. Edited by 


PincHAS Ropinson and ARVID WALLGREN. (Pp. 
xix -+464. Rs. 7.50.) Calcutta: Orient Longmans. 
1959, 


Although half the world’s children live in the tropics 
and sub-tropics, the study of disease problems among 
them has been slow to gather momentum. Now, 
however, things are changing, and tropical paediatrics is 
becoming recognized as a subject worthy of world-wide 
study. Courses are being held, Chairs established, a 
journal is now flourishing, and finally the text-books have 
appeared. 

This is the second book to have been published within 
the last two years, with two distinguished editors and 55 
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--contributers. The editors criticize the first book on 
grounds of expense, and this book is a courageous 
attempi to reduce cost by the ‘economy’ standard of its 
production, and by virtually abolishing illustrations. 
‘Suck an attempt, however, is bound to be fraught with 
ficulties, and it must be confessed that this is rather 
nodc book. Its 440 pages of text are subdivided into 
ery large number of small essays with no attempt at 
grouping under common headings by system. The 
sult s a volume, more readable than most text-books, 
but dix oncertingly haphazard for the undergraduate at 
whom it is largely aimed. One feels that a little co-ordi- 
tiom and fusion of the many separate sections would 
: produce a much more coherent book. 

The question of format, however, is less important 
| than taat of content and balance, and this is where the 
book s most open to criticisms. 
suffice. The section on rare muscular disorders is given 
almos: as much space as the whole of the respiratory 
tract; coeliac disease and fibrocystic disease of the 
pancreas are together granted only half a page; and, 
@ly in a book designed to cover tropical paediatrics, 
there’ mething wrong when kwashiorkor is dismissed 
in one page, and the whole of infant feeding, nutritional 
disorders and vitamin deficiencies are given less space 
than the much rarer disorders of the endocrine glands. 
Whils:, too, it is quite legitimate, though perhaps unwise, 
to disperse with illustrations in a book of this sort, one 
wonders what purpose is served by including 13 only, 
four cf them on one disease. 

‘Taken individually, many of the sections are admirable. 
But the preface states the aim of the book as one ‘which 
covers all or mest aspects of child care as those appear 
in this part of the world, which includes the total field 
of paediatrics as taught in the West, and many other 

_. problems which are of little or no importance there’. 

: This would be a very large claim for a much larger book, 

and is far from being realized here. 

In its present form it is difficult to recommend this 
book as the sole paediatric text-book for undergraduates. 
But i in future editions the editors would expand those 
parts dealing with the tropical and preventive aspects, 
especially as they apply to South-East Asia, and reduce 
somewhat those sections on general paediatrics which 
are dealt with more fully in other books, the book would 
estabrish itself as a useful and interesting companion to a 

-» new and important subject. 



















Le Bien-Etre de L’Enfant en Afrique au Sud du Sahara. 
By Maurice Gaup. (Pp. 186.) Published by the 
Centre International de L’enfance, Lagos. 1959. 
Tke publication commemorates and, to some extent, 

reports the proceedings of a six-day congress covering 

an imnaense field which was held in Lagos in March, 

195% ander the Chairmanship of Professor Robert 

Debré. Delegates from European countries with 

African interests joined representatives from the terri- 

tories themselves, the majority of whom held some 

administrative post. The participants are categorized 
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in the preface as sociologists, ethnologists, agronomists, 
psychologists, physical anthropologists, educators and 
specialists—in public health, sanitary education, growth, 
and juvenile delinquency. There were also observers 
from a number of political organizations. Scientific 
communications seem to have been concerned with 
correspondingly diffuse subject matter, without much 
integration, although the abstracts (in French and 
English) are too brief to provide much more than main 
headings. Valuable as this volume should prove as a 
memento for those fortunate enough to have attended 
the congress, it is unlikely to be of profit to a wider 
public, unless perhaps for the useful bibliography that 
concludes it. 


Le Nouveau-né—Directives Therapeutiques Medico-chir- 
urgicales. By Marcer Fever. (Pp. 190; Fr. fr. 
2,500.) Paris: G. Doin et Cie. 1959. 

This book is written for children’s physicians by a 
surgeon, with the intention of showing them the indica- 
tions for surgical intervention in the newborn. The 
author is professor of paediatric and orthopaedic surgery 
in the faculty of medicine in Paris and has already written 
a book about paediatric surgery for surgeons. 

It is obvious on reading the book that he is a surgeon 
of wide experience and considerable skill. He keeps 
admirably to his self-imposed limits and does not discuss 
details of technique of no interest to physicians. The 
chapters cover conditions requiring immediate treatment, 
birth injuries, visible congenital defects, internal con- 
genital defects, disorders of the post natal period and 
resuscitation, A wide range of conditions is covered 
in considerable detail. The methods described are 
modern and in most cases similar to those used in 
Britain; the chapter on intestinal obstruction is particu- 
larly good. The chief defect in the book is the lack of 
illustrations, necessary for the rare conditions described. 
There are a few adequate diagrams and a handful of very 
bad photographs. The book is paper-backed and uncut. 
The type used is admirable and there is a good index. 
The author deliberately limits his references to 18 stan- 
dard works, although he names many more authors in 
the text (including ‘Grey and Turner’ t). 

This is a good and unusual book which requires little 
knowledge of the French language and will provide all 
paediatric physicians with a good deal of new informa- 
tion. 


Paediatric Tutorials: The Newly Born Infant. By 
ANDREW BoGpan. (Pp. 38; 3s.) “Available from 
Anstick’s Medical Bookshop, 53 Great George Street, 
Leeds 1, and other medical bookshops. 

Dr. Bogdan has constructed a small notebook to be 
used at the cot-side. The main headings are filled in 
which deal with the normal and sick infant and ample 
blank pages are included for the student to make his 
own notes, 
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= Skeletal Calcification and Phosphate Metabolism. By 

R. SreenpuK. (Pp. 163; 510 refs.) M.D. Thesis, 

Handels Drukeri J. Ruyzendaal, Amsterdam. 

The metabolic processes responsible for skeletal 
calcification revolve around the problems of calcium and 
phosphorus absorption and excretion, and the main- 
tenance of the levels of these substances in the blood. 
The unravelling of these problems has always advanced 
as much by the study of rickets as from a direct study of 
ossification in healthy bone. This monograph, a 
university M.D. thesis, summarizes the modern concepts 
of these processes against an exhaustive and critical 
review of the literature (some 500 references are listed) 
supported by the author’s own clinical and experimental 
observations in cases of primary resistant rickets and of 
the de Toni-Fanconi syndrome. The observations were 
designed to elucidate specific points regarding calcium 
metabolism and serum phosphate regulation and tubular 
reabsorption, around which so much that concerns bone 
formation appears to revolve. 

In the first few sections the author traces the radical 
changes that have come over our ideas on the mineraliza- 
tion of ostioid; how the older ideas of precipitation from 
a supersaturated solution of minerals, and the importance 
of phosphatase, have become outdated and given place 
to the idea of crystallization of hydroxy-apatite of calcium 
on to an organic, preformed, mucoprotein template. 

The rest of the monograph discusses extensively the 
biochemical and clinical aspects of the activity of vitamin 
D in relation to rickets, the extremely complex relation- 
ships that exist between calcium, phosphate, the renal 
excretion and retention of these two substances, the 
actions of vitamin D and parathyroid, and the rate of 
both calcification and the removal of mineral salts 
from bone. 

With regard to the role of the renal tubules in the 
production of resistant rickets, whether primary or in 
association with amino-aciduria and glycosuria, he 
discards the theory of a phosphate diabetes, a primary 
failure of reabsorption of phosphate by the renal tubules 
as too simple and even misleading, and suggests that 
there is a failure at some point in the metabolic merry-go- 
round in which an equilibrium is normally maintained 
between (1) the availability of minerals for calcification; 
(2) the rate of calcification; (3) the serum phosphorus 
level; (4) the tubular reabsorption of phosphate; and 
(5) the solubility of bone salt. He considers that 
clinically the availability of calcium is probably the main 
conditioning factor in this equilibrium. 

` In the introduction the author complains, perhaps 
rightly, that clinicians are comparatively ignorant of the 
physiology of calcium and phosphorus metabolism, and 
he quotes Howard as stating that ‘in the field of modern 
medical investigation, the clinician usually is placed at 
the bottom of the totem pole, beneath his colleagues 
versed in the basic science . . . though his opportunities 
for viewing the subject in its broadest sense are apt to be 
greater than those of the biochemists or physicists’. 

Anyone willing and still able, for it is tough going, to 
spend a long week-end reading and digesting this mono- 
graph will find his grasp of the complications of calcium 
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and phosphorus metabolism brought firmly up to date, 
and the boundaries of his biological thinking considerably 
widened. 


Involution of the Ductus Arteriosus. A Morphological 
and Experimental Study, with a Critical Review of the 
Literature. By A. Sciacca and M. CONDORELLI. 
(Pp. 52; 25 figures. Sw. fr. 7.00.) Basel and New 
York: S. Karger. 1960. 

This treatise first gives a critical review of the literature 
on the theories of the closure of the ductus arteriosus. 
There are some valid criticisms of the views of Barcroft 
and his colleagues; no mention is made of the work of 
Patten (1933), whose conclusions were the same as the 
authors’: and the more recent contributions of Adams 
and Lind (1957) and Dawes and his colleagues (1954) to 
our knowledge of the physiology of the foetal and 
neonatal circulation are not discussed. 


There follows a description of the authors’ morphg- 
logical and experimental studies of the imo stir 
of the ductus in guinea pigs, which includes the effect of 
sudden interruption of the blood flow through the ductus 
and the pulmonary artery in the foetus and newly born 
animal, and also some angiocardiographic studies. 
Their findings support those of Patten and point to a 
gradual development of the circulation through the 
lungs during foetal life, the pulmonary flow increasing as 
the ductal flow decreases. No light is thrown on the 
exact mechanism of closure of the ductus, but the 
authors believe it to be a gradual process. 

There are interesting observations of the varying size 
of the ductus relative to the pulmonary artery at different 
stages of foetal development which may be significant in 
relation to differences in size and shape of patent ducts 
found in infants and children at operation and may give 
a clue to the time of a possible foetal insult responsible 
for the condition. 

The study will be of particular interest to cardiologists 
and also to pathologists, physiologists and anatomists 
interested in this field. 


REFERENCES 
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$15.00.) Chicago: The John Crerar Library. 1959. 
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given to the John Crerar Library in Chicago. 
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HEAD INJURIES IN CHILDREN 


OBSERVATIONS ON THEIR INCIDENCE AND CAUSES WITH AN ENQUIRY INTO 
THE VALUE OF ROUTINE SKULL X-RAYS 


BY 





JOHN BURKINSHAW 


From St. James's Hospital, London 


(RECEIVED FOR PUBLICATION JULY 14, 1959). 


A blow on ihe ka oani if followed by 


-F symptoms of concussion, causes anxiety which is 


born of the knowledge that injury to the brain and 
anes 7 serious complications may occur. 
wabignds hospital on account of a head injury is 


5 DRE admitted for observation for signs of these 


complications and it is a common practice to x-ray 
chis skull in order to find out whether it has been 
fractured. The primary object of the present 
< investigation was to determine whether a routine 
skul x-ray of a child with a recent head injury gives 
-information which helps the doctor either to give a 
-prognosis or to decide on the treatment of his 
patient. The additional objects of the survey were 
to assemble information about the age, sex incidence, 

and caases of head injuries in children. 
With i these objects i in mind I looked through the 
Ta t Saunt p to 13 An a age who 










2. “The. ‘relevant iriformation was “collected 
¢ notes and has been analysed and tabulated. 
arents of each patient were then sent a letter 

ng their help and were invited to supply the 
to questions relating to the history of the 
ag The answers 
© were scrutinized and the information so provided 
has been analysed and tabulated. 









Criteria 
A case was included in the survey if there was a 


_ history of a blow on the head and the child showed 
either some external evidence of the injury (lacera- 
_ tion, Baematoma or abrasion) or had had symptoms 
: suggesting cancussion (disturbance of consciousness 


Cases were not included 





ner rory, drowsiness). 





2 of ihe wound ‘that the injury was s merely a simple 
l xd wound and there were no symptoms of 


A child- 
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concussion. Woiinds of the face and eyes only | 
with no symptoms of concussion were also excluded. 
Some patients had other injuries in addition to the — 
head injury but they were not included unless the 
head injury satisfied the above criteria. 


Classification. 
The cases were classified according to the severity 
of the concussion into the following three groups: 


Injury to the head 
consciousness or 


Group 1. Slight concussion. 
with no disturbance of 
memory. 


Group 2. Moderate concussion. Injury to the head 
with any of the following symptoms: Irritability, 
amnesia or drowsiness, with or without initial 
loss of consciousness or inaccessibility of less 
than one hour’s duration or, loss of conscious- 
ness of less than one hour’s duration without 
other symptoms. 


Group 3. Severe concussion. Injury to the head 
with unconsciousness or inaccessibility for one 
hour or longer. 


Owing to the lack of precise information in the — 
notes about the accident it was necessary in a few 
instances to make a somewhat arbitrary decision as 
to the correct classification of the case, and this — 
inevitable weakness of a retrospective survey from 
case notes must be borne in mind. 


Criteria for Admission 


Admission of cases to hospital depends upon the 
assessment of the admitting doctor. Over this 
period of six years when many different doctors 
were concerned, each one with his own views and 
judgment, it is unlikely that there has been true. 


E? 


ae 
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uniformity of the criteria for admission into the 
hospital. Furthermore, it is possible that in London 
some cases of head injury may have been admitted 
to other hospitals. This would be most likely in 
_ the case of very severe injuries obviously in need of 
neurosurgical treatment. Such cases cannot be 
= dealt with at St. James's Hospital and would very 
probably be admitted direct to a neurosurgical 
unit. For these reasons, therefore, the series under 
review cannot be taken to represent the whole 
picture of children with head injuries in this part of 
London. and must be regarded merely as a series 
of 238 children with head injuries who were con- 
sidered suitable for admission to. a general hospital. 
The facts disclosed by this survey must therefore be 
interpreted accordingly. ‘The. series consists of 238 
children, 182 boys and 56 girls. This gives a ratio 
of 3-25 boys to 1 girl. 


Age and Sex Incidence 


The figure shows the incidence by age and sex. 
The maximum incidence for both sexes is between 
the ages of 8 and 9 years. (26 boys and eight girls) 
with secondary peaks. in- boys at 12 to 13 years 
oa cases) and 4 to 5 years {15 cases) and in girls 

5 to 6 (6 cases). Table t shows the causes of the 
head injuries in numerical order of frequency in the 
boys and girls. The ratio of boys to girls injured 
by each cause is also shown. 


Traffic Accidents (60 boys :. 18 girls). These 
include collision with road vehicles of all kinds, 
including bicycles and cases where the child was 
in a vehicle which was involved in an accident. 
They do not include falls from vehicles—notably 
bicycles when the bicycle or other vehicle itself was 


BOYS G/RLS 
DP 
E 


NUMBER OF CASES 


sere bls 





AGE 
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TABLE i- ie 
Cause of Head Injury Girls ae Ratio 
y 2 A | Boys Girls 

Traffic accidents ~. .. o teal E p 7 ESS l 
Miscellaneous falls... a eel 42054 Le ae | 
Fall from height ‘ ad a: on ee | 
Fall off bicycle Wo: 4k 
Hit by moving object — ee | 
Fall off moving vehicle $9 0 
Fall down stairs 1 29a 54 
Fall off swing ; Ost 
Fall out of bed 2z 0 
Fallin bus .. 0 i 
Assault he e 0 l 
Cause uncertain i ra ; 30:0 
Boys 3°25 Total io) 325:1 


Overall ratio t Giris EG 





“Thus if a boy simply 


not wora in a :doltision. 
falls off his bicycle the injury is. classified as ‘fall 
from bicycle" but if he runs: into another bicycle or 
a car it is a ‘traffic accident’. | 


Miscellaneous Falls (42. boys: +. 49 girls). Thee” 
include all fails when the cl ds was on th Found 
or, in the case of a few infants, was baie carried 
and the carrier either fell herself or dropped him. 
Most of these occurred while at play, and frequently 
occurred in the. school playground. 


Falls from Height (29 boys : 7 girls}. These 
include injuries when the child fell to the ground 
from something above the ground—e.g. out of 
windows, off walls, trees, tables or ladders. 


Falls off Bicycle (20 boys : : 2 girls). These falls 
were much commoner in boys. 


Hit by Moving Object (10 boys : 3 girls). This 
category includes all injuries caused by impact 
with a moving object other than a vehicle, such as 
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Total Cases No Fracture 


Total 


errr en Winkie hammaren Fatty its REN VARA Ye RE RI RE RA HR Ey F aera i 
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o = ature of the Skull in Relation to Severity of 
a i Concussion 
Fa Table 2 the cases have been arranged to show 


the numerical relation between the severity of the 


_ concussion and the presence or absence of a fracture 
oftaeskull. It will be seen that out of x-rayed cases 
with-cexere injury 50 Yo had a fracture of the skull: 
of x-rayed moderately concussed cases 20°% had a 
fracture; and of those wi slight concussion 22% 
hac. fractures. A proportion of cases in each 
` ¢ategery did not have an x-ray of their skull, so that 
they cannot ce included in this particular analysis. 











“ite of Injury. Table 3 shows the site of the 
injury to the head in order of frequency and 
occurrence. It will be seen that right-sided i injuries 
are commoner than. left but that the majority of 
injuries involve the midline and both sides of the 
head adjacent thereto. 


Cases with Complications. When localizing signs 
were present at the time of the initial clinical 
asszesment, or if the patient’s condition deteriorated, 
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TABLE 2 
CASES CLASSIFIED ACCORDING TO SEVERITY SHOWING PRESENCE OR ABSENCE OF FRACTURE 


% of X-rayed Cases | 
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Fracture Present Total X-rayed 


4 

i i 3 
Total ; % of X-rayed Cases | f 
H 3 

i 








TABLE 3 
SITE OF INJURY 





3 j į 
, ETE Midline with | 
‘Right Left involvement of | Total 
ie | both sides 
Frontal m T a a E 28 | 64 
Occipital me eee CR eee Noa. 4 21 : 28 
Parietal we ae ces |. ae 7 iz tee 
No external signs of injury one i i 26 
Facial .. , ph a a aa 17 -o 
Uncertain ey jas sal Pee a i Zi 
Temporal ; a ee ee 0 / 49 
Injuries at two sites... i ; 43 
Injury at one site; fracture at) ; ; 
another | ; | H 
Bleeding from nose only cist geek ab | 0) :| 3a 
Bleeding from ear only doa lo 0 Pe, oe 
0 | 9 | 68 238 
$ 5 i 





or some new symptom or sign made its appearance, 
the case was considered to have been attended by a 
complication. Thus, for instance, if some hours 
after the injury a patient who was conscious, 
complained of a headache and had hitherto not 
done so, the headache was regarded as a complica- 
tion of the injury. If, on the other hand, the 
patient had complained of a headache as soon after 
the injury as he was able to express himself, that 
would not be classed as a complication. 

Table 4 shows the cases with complications as 





TABLE 4 
i CASES WITH COMPLICATIONS SHOWING SEVERITY, PRESENCE OF FRACTURE AND SEQUELAE : 
- Case Bo, | Severity i Practare ; Nature of Complications | Sequelae Nature of Sequelae 
22 | Severe Ae | Unconscious 18 days; blindness; dementia | a , Dementia; blindness i 
33 | Moderate | te Meningitis oe : Headaches frequent-»occasional 
73 , Sight : © : Headache $- » Occasional headache 
6 | Moderate | “a - Headache -$ | Oecasional headache 
3i | Severe 4 | Subarachnoid haemorrhage | K mare 
96 | Slight E oF | Headache ! +- » Occasional headache 
a9 | Slight | Headache; vomiting = Cees an 
192 Moderate | £5 : Diplopia for 5 days | NR ; Zz 
124 | Moderate | O . Headache; depression i + | Nerves; occasional headache 
149 (Severe | oh _ Lt. hemiparesis; 2 major fits; giddy spells; i *NR | (Last seen 10 months after injury; 
: ocular palsy; attended special school for | : well; no fits; no paresis) 
, ; : 10 months i 
t42 | Severe -+ | Died | pe pe 
{54 | Moderate | 3 ` Headache I NT p es 
- 1S | Moderate | oF © Headache © | eater 
e te | Severe | i | Weakness of rt. arm 2 weeks ~} | School work worse 
“tS Moderate | O : Headache wf | Aggressive; headaches frequent--occa- 
7 | i | : ! | siona 
247 i Slight : 4 | Large occipital subaponeurotic haema- | O ara 
Bs ; : toma ; i 
Z353 | Moderate: | + Rt. facial weakness 3 weeks ! T | Headaches frequent--occasional 


* NR =No reply. * 








+ NT == Not traced. 
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defined above. The severity of the concussion and 
the presence or absence of a fracture of the skull are 
shown in each case. 

Table 4a shows the relationship between the 


TABLE $A 


CASES WITH COMPLICATIONS ACCORDING TO SEVERITY 
AND PRESENCE OF FRACTURE 





| “of Totalin | 
‘With F racture No Fracture 





Severity | Number! Each Category 
Severe _ | 5 29 4 1 | 
Moderate | 8 5 i 3 ; 5 
Slight | 4 4 be, eo 
Toits i7 O 909R 86%) 





severity of the concussion and the presence or 
absence of a fracture in these cases with complica- 
tions. It will be seen that nearly half (8/17) of these 
patients had no fracture of the skull and that just 
over half (9/17) did have a fracture. The figures in 
brackets show the percentage of cases in the three 
categories of severity which were attended by 
complications. Of severe injuries 29° were fol- 
lowed by complications: the rate with moderate 
injuries was 5° and with slight injuries 4°. Table 
4a also shows the number of cases in each grade of 
severity in which a fracture was found. Four out 
of five severe cases with complication had a fracture; 
three out of eight moderate cases had a fracture and 
two out of four of the slight cases had a fracture. 


Follow-up 


Further information is available about 135 of the 
original 238 cases. This number includes the one 


ARCHIVES OF DISEASE IN CHILDHOOD 


patient who died shortly after the injury (Case 142) 
and the one with dementia and amaurosis (Case 22), 
who is in a home. Information about the remain- 
ing 133 cases is derived from answers to a question- 
naire which was sent to the mothers of all the 
patients in the original-series, The minimum period 
between the original injury and the date of the reply 
was one whole year and the maximum period was 
six whole years. 


Sequelae. The symptoms and untoward effects 
under consideration were regarded as sequelae if 
they occurred after return home from hospital and 
they had not teen present tefore the injury 
occurred. 

Tables 5 and 6 show the incidence of various 
sequelae about which information was specifically 
sought. In Table 5 the cases are grouped according 
to the presence or absence of a fracture of the skull, ° 
and in Table 6 the grouping is according to the 
severity of the concussion. It will be seen from 
these two tables that of cases with fractures 66° had 
sequelae and of those with no fracture 49-5% had 
sequelae. Of cases classed as severe (including the 
one who died), 61-5% had sequelae: of cases classed 
as ‘moderate’, 51:5% had sequelae and of cases 
classed as ‘slight’ 52%, had sequelae. 

With the single exception of the one child who is 
permanently demented and blind, there is no 
surviving child in the follow-up series who is 
suffering from sequelae which would be noticeable to 
anyone who did not know the child before the 
accident, and the majority of symptoms complained 
of in the answers might readily te explained away 
as coming within the range of normality. 


TABLE 5 


CASES WITH SEQUELAE ARRANGED ACCORDING eo ARSE oy) OR ABSENCE OF FRACTURE (PERCENTAGES TO 
EAR fo 








i 
i 


; 1 oF Total | ! 
! of Total | i Cases 1% of Total | 
Nature of Sequela | Fracture + | Cases with No Fracture | | without | Not X- rayed | Cases not | Total Cases 
} | Fracture | | Fracture | © Merayed | 
Fits. Se A 0 i G 1 | el 0 0 | i 
Personality change i e § : 29-5 19 ; 21 3 17-5 | 30 
-Better da ae 0 0 i 0 ; if i 6 li 
School work eene a a a a aei aa BAE EE E 
Worse ' 3 : 11 ; 19 i HI 2 12 IS 
Ataxia, etc. .. ‘ 1 3 ; 2 2 | Q Q ae: 
Blindness grs i 3 i 0 | Qo ~ 0 Q : -d 
Occasional , ee 5 ; i8 [ 14 i {5-5 4 24 23 
Headaches mm eneee enee | aaeanoa oe “teenie terete ttt en eannan epea 
Freguent E 4 ; 14 3 | 3 12 i 9 
EEEE E ipa in pak PEIEE IEAS EEK PEIO S EEAS Ming nici E T E teehee seh tte vere nent nti PPE I ea ~ 
Frequent-»occasional w 4 15 | 5 5-5 i 6 7 10 
Died .. ca i 3 0 ! 0 ü 0 : i 
Compensation paid ; | 2 i 7-5 i 6 6-5 2 12 i FO 
No sequelae . e 9 | B | 4 | 50-8 9 53 64 
With sequelae soj 17 66 | 45 49-5 8 47 ; 70 
Total cases | 7 | 9 | 17 | 
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ogi TABLE 6 
CASES WITH SEQUELAE ARRANGED ACCORDING TO SEVERITY OF CONCUSSION (PERCENTAGES TO NEAREST 3°) 





% of Total | 
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% of Total | * of Total 


























‘Nature of Sequela Slight | Cases with | Moderate | Cases with = Severe | Cases with | Total 
Injury Slight Injury | Moderate | Injury . Severe | Cases 
Inju ry j Injury : Injury : 
it ed 0 Q i I < | Q ; 0 i i 
ersonality: change Pu 13 25 : 13 8-5 4 i 30 i 30 
ae Better ' 6 li | 4 6 I : 7:5 ee 
Schoot ware e ea N aN a Los ante Sn pa ne 
fo Worse 3 5-5 i 7 10 5 ; 38 i; 45 
Ataxia ete. . I 2 1 2 1 7-5 ! 3 
- Bindress i Q G Í 0 0 i : 25 j 
Occasional oa teh 7 : 13 ; 15 2k : i : 725 ; 23 
Headaches —-~——__-__---- enana Än [rarem hreman = Denia n r a eae a ee a eee ee ee ENEE 
F request 4 7S : 3 ? 4 : 2 : I5 ] 9 
Frequent = Occasional 3 5-5 : 7 10 Q , 0 10 
Died .. fg 0 0 i 0 G ł | 75 ł 
Compensation paid 7 i3 2 3 l | 7-5 10 
No segueiae 3 25 48 ; 34 48-5 5 38 64 
With sequelae 27 §2 36 54-5 7 84 70 
Total cases... i i F w 52 70 13 





Fits. Personality changes were reported in 30 
(22 %2) af the cases in the follow-up series. Table 7 


TABLE 7 
THE 30 CASES WITH CHANGE OF PERSONALITY 





peer ri ipei: No. 


Nervous or Bahiya strung 
<sutbursts of anger and bad temper 
Sleep difficulties . 
“Phobias (ladders; : heights) 
Depression 
Paints N 
“More careful now’ i 
Nervous stomach aches 
Laziness .. ; f 
Stuttering 
Aggressive 


Oe ma, m E oe ee i 








shows the changes of personality described by those 
whe replied to the questionnaire. In none of the 
above cases was the change of personality very 
proaounced and it is, of course, impossible to say 
whether the change was the result of the injury or of 
other causes. The only evidence that the injury 
contributed to these changes is that, according to 
the parents, they made their appearance shortly 
after the injuries had been sustained. 


School Werk. In li cases (8°) the parents 
reported an improvement in school work dating 
from the return to school after the injury. In 15 
(11°) there was a deterioration. The only case 
who cculd net receive normal education was Case 22 
who is in an institution for mentally defective 
children and who is also blind as a result of the 
accident. The parents of some children could not 


> jucge the change in intellectual status because they 


-were too young at the time of the accident to attend 
In all cases the change in school work was 





not very great and in all there was a steady improve- 
ment up to the time of the receipt of the question- 
naire, the majority of cases having completely 
regained their previous status. 


Ataxia. Parents were questioned specifically 
about muscular paralysis or weakness and none of 
the parents who replied to the questions would 
admit to muscular paralysis in their children, but 
one child was stated to have lost her sense of 
balance, one was stated to be more clumsy after the 
accident, and one to have ‘weakness’ with no further 
amplification of the term. The blind child (Case 22) 
had cortical blindness. 


Headaches. Forty-two children (31%) of the 
follow-up series were reported as having had head- 
aches which dated from the head injury. They have 
been grouped according to whether the headaches 
were stated by the parents to be ‘frequent’ or 
‘occasional’, No great reliance must be placed upon 
this classification because no definition of these 
terms was suggested to the parents, so that the 
numbers included under these headings are not 
properly comparable. A third heading is assigned 
to cases whose headaches were stated to have been 
frequent at first but which had become only occa- 
sional by the time the questionnaire was received. 
As with the school work and personality change 
none of these children was seriously handicapped by 
the headaches, and it is easy to argue that they might 
well be no more frequent or severe than the head- 
aches felt by any child from time to time. | 


Compensation. The parents had been asked 
whether compensation for the injury had been sought 
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TABLE 8 
CASES IN WHOM COMPENSATION WAS PAID 





Case No Cause of Injury Severity 
Maanta nttadantnaientnntanllatesnnanni 3 
36 i Fell off swing =: Moderate 
7 | Traffic accident Slight 
82 i Traffic accident Moderate 
87 | Fell off bus Slight 
95 _ Traffic accident Slight 
106 Traffic accident Slight 
t21 : Hit by ladder Slight 
165 | Traffic accident Slight 
207 : Traffic accident Severe 
221 Traffic accident Slight 


Skull Fracture 


“memes ant reer a a a aaa tt treehouse AR a A E A mieten nee er ts 


andes 


Other injuries Siuda 


Headaches frequent 

Nerves; insomnia 

Photophobia ; nerves; temper: 
sleep difficult y: Aeagachen 


Leg injury 


Abrasions Nerves; af raid” ot heights; 
school work worse 
Abrasions Nerves; frequent headaches 
F requent headaches 
Abrasions 
Abrasions School work: worse 
Leg Occasional headaches 


i ; í : 


ot 


or received. The object of this was to provide 
evidence about the frequency of litigation in these 
cases and also to determine what relation existed 
between the litigation and the incidence of sequelae. 
In 10 (7-4%) cases compensation had been paid. 
Information about these cases. is set out in Table 8. 
In seven out of the 10 patients receiving compensa- 
tion the head injury had been assessed as ‘slight’, for 
two the assessment was ‘moderate’ and one ‘severe’. 
In six cases there was no fracture of the skull, in 
two a fracture was present and one was not x-rayed. 
In one case the compensation was admitted by the 
parents to have been paid on account of a leg injury 
sustained at the same time. In seven of the com- 
pensated cases the injury was sustained in a traffic 
accident, one fell off a swing in a public playground, 
one fell off a moving bus, and one was hit by a 
falling builder's ladder. 


Depressed Fracture. Table 9 shows the four 
cases in which a diagnosis of depressed fracture was 
made, either clinically or radiologically. In one 
case a depressed fracture was missed clinically, and 
in one it was suspected clinically but not confirmed 
radiologically. In one case, in spite of the assess- 
ment of the injury as ‘slight’, the patient's depressed 
fracture was surgically elevated, and the patient had 
no complication or sequelae. In the patient whose 
injury was compound and obviously very severe, 
brain toilet was carried out but the patient died 
without recovering consciousness, In the remaining 


= == Not x-rayed. 


two, treatment was conservative, and of these two 
patients one had ‘frequent- becoming-occasional’ 
headaches as a sequela. 


Discussion 

Sex Incidence. That boys injure their heads 
more often than girls is a fact which will not surprise 
those who are familiar with the ways of children. 
‘Boys will be boys’ is a proverbial truth which must 
be remembered when planning a programme of 
investigation into the causes of accidents in children 
or when preparing any scheme for preventing their 
occurrence. The restless exploration and aggres- 
siveness of the male are biologically useful to the 
species in many obvious ways and the tendency of 
boys to behave as if they were expendable is to the 
more sedate and careful behaviour of girls, as the 
reckless mobility of the spermatozoon is to the 
more sedentary and egocentric habits of the ovum. 


Age Incidence. The two age peaks of head injuries 
shown in the figure provide scope for speculation 
as to their significance. They are capable of being 
interpreted as reflecting, in the first peak a phase 
of development when the child’s co-ordination is 
unequal to his demands upon it, and in the later 
peak, the intense preoccupation with his activities 
which makes a boy so heedless of danger. 


Cause of Injury. As might be expected. traffic 
accidents accounted for about 33°, of the injuries 


TABLE 9 
CASES WITH DEPRESSED FRACTURE 








Case No. | Site of Fracture : Diagnosis Severity Treatment Conti ications | Sequelae 
E Pa a E a a A a a a SE SER NSE rea 
; C nies) X-ray 
76 >| Rt. frontal ! $ s Moderate Nil Headeche Occasional headache 
92 | Rt. parietal : n + Slight Elevation z ae 
102 i ia, frontal i R s Slight Ni cota: st 
142 | Rt. temporal | + | Severe Brain toilet Died mem 





bus’ and ‘assault’. 
- that boys are more liable to be injured by most of 









oo both had depressed fracturgs. 
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~~ to beth sexes. The only cause which affected girls 
more often than boys was ‘falls off swing’, ‘fall in 
It is perhaps important to know 


the listed causes and not only by traffic accidents, 
„because the chances of a boy being partly responsible 
for bis injury in a traffic accident would appear to be 
‘greater than is the case with a girl. 


_ Other Aetiological Factors. Because of lack of 
- the necessary data in the notes it was not possible 
to ge into several other possible aetiological factors 


which might have been interesting. Among these 


are the time of the day, the month of the year, the 
state of the weather, the number in the family, 
‘the economic status of the family, the psychological 
set-up in the home and the emotional or physical 
state of the child at the time. In planning a future 
_ investigation these things might profitably be taken 
into account. 


The Value of Diagnosing a Fractured Skull. 
The primary object of this investigation was to 
assess the value, if any, of x-raying the skull in 
children with head injuries. An x-ray of the skull 
might possibly be of value if it provided affirmative 
answers to three questions: (1) Does the finding of a 
fracture of the skull in the x-ray make necessary any 
change in the treatment of the case? (2) Does the 
finding of a fracture of the skull in the x-ray afford 
more reliable guidance than clinical assessment alone 
as te the probability of complications? (3) Does 
the finding of a fracture of the skull in the x-ray 
afford more reliable guidance than clinical assess- 
ment aione as to the probability of sequelae? 

With regard to Question | relating to immediate 
treatment, all the cases in this series had been 
admitted to hospital on account of injuries and all 
were kept at rest and under close observation. This 
line of treatment is generally accepted as correct for 
all cases of head injury and no one would dispute 
the wisdom of it. If it could be shown that the 
abseace of a fracture of the skull made admission 
unnecessary, that in itself would fully justify the 
taking of an x-ray. That such criterion for admis- 
sion is invalid is shown by Table 4 where it will be 
seen that of the 17 cases who developed complica- 
tions nine had a fracture and eight had none. 


The Closed Depressed Fracture. Apart from 
rest and close observation and symptomatic 
treatment all but two of the cases had no other 
treatment. The two who were treated surgically 
One (Case No. 142) 
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was very severely injured and died after brain 
toilet in another hospital. The gross and obvious 
damage to the skull was the indication for this 
treatment rather than the finding of a depressed 
fracture, an x-ray finding which merely supported 
the clinical decision to operate. The second case 
(No. 92) of depressed fracture had his fracture 
elevated in accordance with surgical tradition. As 
has already been pointed out, this child’s injury 
according to the criteria adopted in this investigation 
was classified as ‘slight’. This boy had no untoward 
symptoms at the time or afterwards. On the other 
hand one of the four cases with depressed fracture 
(No. 26) had no surgical treatment and still does 
complain of occasional headaches. This child's 
fracture had not been diagnosed clinically. Might 
he have been saved from these headaches if his 
depressed fracture had been elevated? If the 
answer to that question is in the affirmative there 
can be said to be a case for x-raying all skulls in 
order to detect missed depressed fractures. 

In one case (No. 120) a depressed fracture had 
been suspected clinically but was not confirmed 
radiologically. The information about depressed 
fractures to be had from this investigation is 
insufficient to justify any conclusion and the writer’s 
experience of the management of such cases is also 
too meagre for him to venture an opinion. There 
is wide agreement among leading authorities that 
operation is advisable for closed depressed fractures 
of severe degree but for depressed fractures of lesser 
extent, just the kind that might most easily be missed 
without an x-ray, a number of authors advise 
conservative treatment. Dickson Wright and Hand- 
field-Jones (1957) write: ‘Simple depressed fractures 
in children should not be operated upon at first 
because a great many recover spontaneously. If 
later elevation of the fragment is deemed necessary 
all bruising of the soft tissues will have subsided and 
the danger of infection is thereby lessened’. Brow- 
der (1949) writes: ‘Instances in which the extent of 
the depression of the inner table is estimated to be 
only a few millimetres require only conservative 
measures unless there is evidence of intracranial 
complication’. Aird (1957) writes: ‘Certain depres- 
sed fractures require operation. Most depressed 
fractures in adults are compound and require 
operation for that reason; pond fractures in children 
do not per se require operation’. 

Wakeley (1952) states: ‘In closed depressed 
fractures in adults always operate; in children if 
gutter shaped operate; if pond shaped wait for 
symptoms unless the fracture is a bad one’. 

Rowbotham (1949) gives four indications for 
operating on a closed depressed fracture. ( 1) When 
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a patient is unconscious and thought to be suffering 
from cerebral compression. (2) When there are 
signs of underlying brain damage. (3) When a 
fragment of bone is thought to have penetrated the 
dura. (4) Cosmetic considerations. Christopher's 
Textbook of Surgery (1956) states, ‘the majority of 
patients with simple depressions should be operated 
on except those having slight depression in the 
frontal area and small simple depression in the 
midline and the large venous sinuses’. Bailey and 
Love (1956) state, ‘treatment depends on the extent 
of the depression and the site of the injury’. 

After considering the views expressed by the 
authorities quoted above one must concede that 
where there is a clinical suspicion that a depressed 
fracture may exist it is advisable to x-ray the skull 
in order to settle the matter. But in a large number 
of cases which are being discussed the clinical 
findings were such that even if a depressed fracture 
were present it would only be a slight ‘pond’ frac- 
ture, of the type that would merely require con- 
servative treatment. It does not seem, therefore, to 
be necessary to x-ray the skull immediately merely to 
detect a slight depressed fracture. It should be 
quite safe to confine x-rays to those cases where 
there was clinical suspicion of a depression or where 
surgical intervention was clearly indicated on 
account of a deterioration in the patient’s condition. 


The Non-Depressed Fracture. After leaving 
the troubled waters of the depressed fracture 
question, one encounters much plainer sailing, 
and it is beyond dispute that treatment of children 
with head injuries is exactly the same whether 
a fracture is demonstrated by the x-ray or not. 
The chief function of the skull is to protect 
the brain from damage and this it does remarkably 
well, though in absorbing the force of a blow, the 
bone often sustains a fracture. It is a matter of 
physics that the harder the blow the greater will be 
the chance of a fracture, but Table 2 shows that, 
whereas, among severe cases, as defined in this 
paper, there is a 50/50 chance of the skull having 
been fractured, the chance of a fracture in cases of 
moderate or slight severity is approximately the 
same, namely around 20%. 

Question 2 relating to the likelihood of complica- 
tions can be answered by study of Tables 4 and 4a. 
These tables show that of the 17 cases which were 
attended by complications five were severe, eight 
were moderate and four were slight. Nine had 
fractures and eight had no fracture and in none of 
these cases was an x-ray of the skull omitted. 
Table 4a shows that 29°, of severe cases and less 
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than 10%, of the moderate and the slight cases were 
attended by complications. This table also shows 
that 19-5% of cases with fractures and 5°% of those 
without fractures were attended by complications. 
If the incidence of complications in the severe cases 
is compared with the incidence of complications in 
the combined slight and moderate cases, the per- 
centages are found to be 29%, and 5% respectively. 
The occurrence of complications can be substantially 
as accurately forecast, therefore, if judged according 
to the clinical assessment as according to the 
presence or absence of a fracture. 

The conclusion with regard to Question 2, 
therefore, is that a skull x-ray is a no better means 
of foretelling the occurrence of complications to 
head injury than the clinical assessment ef the case 
alone. 

With regard to Question 3, if the cases with 
sequelae are arranged according to whether a 


fracture was present or absent, as in Table 5, and ` 


then according to severity as in Table 6, a com- 
parison between the two tables will throw some 
light on the prognostic value of the two methods of 
classification in regard to the incidence of sequelae. 

The three sequelae which occurred in sufficient 
numbers to merit comparison, are ‘Personality 
Change’, ‘Changes in School Work’ and ‘Head- 
aches’, These sequelae were all slight and did not 
really cause any material disability. Indeed in most 
cases it would be hard to refute the allegation that 
the sequelae reported by the parents were in fact 
quite unrelated to the head injury and were chance 
occurrences such as might befall any child. It is 
important to bear in mind that the writer is not 
attempting to convey the impression that the figures 
quoted are an accurate numerical account of the 
incidence of sequelae of head injury. To do this 
would require a proper control series consisting of 
children of similar ages who had been in hospital 
for similar periods of time on account of some 
disease such as appendicitis. Nevertheless the cases 
can be used as their own controls to test the relative 
merits of classification by x-ray and by severity as a 
means of assessing the likelihood of occurrence of 
sequelae. 


Personality Change. When the cases are arranged 
according to the presence or absence of a fracture, 
Table 6 shows that a personality change occurred in 
29-5% of cases with fractures and in 21° of cases 
with no fracture. When classified according to 
severity, the results are as follows: Severe 30°, 
moderate 18:5% and slight 25%. If slight and 
moderate cases are combined, the percentages are: 
Severe 30%, slight or moderate 21%. 
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School Work. It was surprising to receive so 
many replies to the effect that school work had, in 
the cpinion of the parent, actually improved after 
he injury, but this must be accepted with con- 
siderable reserve as to its significance and certainly 
shouki sot be construed as a possible line of treat- 
tent for the mentally sluggish. If the cases showing 
an improvement are arranged in the same way as 
as done for cases with a change in personality the 
au are as follows: 



















i: 60% Combined 8% 


on greater incidence in the slightly injured cases is 
` what rught be expected. 

~The corresponding figures for cases where school 
“work. deteriorated are: 





Fracture present .. 11-0°) 

Ne fracture — 11:0% 

Severe , 38.09% 

Moderate .. 10-0 

digit 5. 59° b Combined 8%, 
Headaches. With regard to headaches the figures 


are as follows: 


(a) Cceasional headache 








Fracture present .. 18-0% 

No fracture — 15-5% 

Severe p O TG 

a = z 90 + Combined 1885 

(b) Frequent headache 

Fracture present .. 15-0% 

No -fracture -30% 

Severe T a a0 

Se ik i 50; } Combined 507 





(c) Frequent headaches becoming occasional 


Fracture present .. 15-0, 
No fracture — be, oe 
Eyer bi 


i. see >} Combined 8% 





figures as set out above show that with the 
possible exception. of ‘occasional headaches’ the 
incidence sequelae of these cases is as well correlated 
with the severity of the injury as with the presence 
or absence of a fracture. It is therefore possible 
to comelude that an x-ray of the skull is no more 
reliable as a guide to assessing the likelihood of 
: sequelae. than the clinical assessment of the case 
alone. 












Conclusion 


The facts and figures here presented, though 
perhaps not statistically conclusive, suggest that 
apart from the possibility of diagnosing a depressed 
fracture the routine taking of a skull x-ray in cases 
of children with head injury serves no useful purpose. 
It does not help the doctor in his immediate treat- 
ment of the case and it is no more reliable than 
clinical assessment alone as a guide to the likelihood 
of complications or of sequelae. When a limb bone 
is fractured the most important consideration is the 
restoration of the limb’s function, which is move- 
ment. The limb bones serve as an attachment for 
the muscles and provide the levers whereby move- 
ment of the limb is brought about. When a limb 
bone is broken abnormal movement may occur 
at the point of fracture and, if the fragments of the 
broken bone are not properly aligned, there may be 
a permanent impairment of the efficiency of the limb. 
It is therefore important when limb bones are 
fractured to use x-rays in order to help to bring 
about as perfect a realignment of the bones as 
possible. The skull bones, however, are not mainly 
concerned with the function of movement, and they 
are so arranged that they are very well splinted by 
each other and by the overlying aponeuroses and 
other structures. Their outstanding function is that 
of a protective armour and as such are designed to 
be bent and battered to a considerable degree 
without losing their protective function. There is, 
therefore, no clinical need to know in every case the 
precise extent to which the bones have been broken 
and battered and it is this difference coupled with the 
knowledge suggested by this investigation which 
justifies the doctor in omitting to take a routine 
x-ray of the skull after a head injury and to reserve 
this investigation for cases for whom it is considered 
on clinical grounds to be necessary. 

The indications for an immediate skull x-ray in 
children with head injuries appear to be as follows: 


(I) In order to obtain evidence that the head has 
been struck in cases where the suspicion exists 
but where no external signs of damage to the 
head can be found. 

(2) In order to confirm a clinical suspicion of 
depressed fracture. 


(3) In order to define the extent of damage to the 
bones in cases where immediate surgical treat- 
ment is contemplated. 


Many doctors continue, as a routine, to x-ray the 
skulls of their patients with head injuries although 
they are by no means convinced of the value of 
doing so. If asked why they do so they will reply 
that they do it to provide themselves with ‘medico- 











legal cover’. ae do not know much’ about 
medical practice but they. rightly expect a doctor to 


have acted in accordance -with accepted medical 


practice.. If, therefore, doctors always. take skull 
X-rays ‘merely to satisfy the lawyers, one can hardly 
blame the Jawyers for. expecting: them to continue 
to do so. It is the doctors’ duty to teach the 
nid that when ae a child with a pee 
| item. in the correct. managen ent o the case. Tt is 
only after they have been taught this lesson that the 
lawyers will cease to expect a skull x-ray on all 
occasions. 
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The term ‘accident-proneness’ was originally 
el oy Farmer and Chambers (1926) to describe 
a corcept arising out of the observations of Green- 
wood and Woods (1919) and Newbold (1926). 
These workers had studied the distribution of 
accidents among factory hands and found that a 
relatively large proportion of accidents was reported 
from a relatively small proportion of the population 
at risk. This undue concentration of accidents 
could not be explained by chance variations or 
variations in exposure to danger. It was concluded 
that certain individuals had some sort of personality 
trait which rendered them more liable to have 
accidents. This trait (accident-proneness) seemed 
to be independent of the environment and constant 
for the individual from year to year. 

Accidert-proneness is now also used to denote a 
somewhat similar concept which has arisen from the 
psychological study of particular case-histories. 
Groddeck (1922), Menninger (1936) and others have 
suggested that many accidents are not entirely 
_ fortuitous but are in some way caused by the injured 
persons themselves. The process is said to be 
uncorscicus and motivated by complex desires for 
self-penisihmentand death. Flanders Dunbar (1943, 
1947) attempted to combine both psychological and 
statistical approaches to the subject. 

The existence of accident-proneness is now widely 
o accepted. There is still, however, a considerable 

-difference of opinion on its place in the aetiology of 
= accidental injuries in general. Some workers 
(Heinrich, 1941: Dunbar, 1947) regard it of major 
importance but others (Adelstein, 1952; Schulzinger, 
1954) think that it is of little significance. A 
common view, quoted by Schulzinger, is that ‘the 
accident-prone 15% of the population causes 85% 
of the aceidents’. Attempts to predict accident- 
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proneness have not met with much success (Cham- 
bers, 1955). 

Little work has been done on accident-proneness 
in childhood. Ackerman and Chidester (1936) 
presented a case-history of a girl who had repeated 
accidents. Bakwin and Bakwin (1948) reviewed the 
subject. Some individual and social comparisons 
have been made between children who have had one 
or more accidents and those who have not. Differ- 
ences have been found, but it is remarkable how 
small these are. For instance, ‘accident-repeaters’ 
have been found to be more aggressive, impulsive 
and rebellious (Birnbach, 1948), obstinate, impat- 
ient, vigorous, hyperactive, rude and highly-strung 
(Fuller, 1948), but the meaning of such differences 
is hard to assess. In children under the age of 
5 years, Douglas and Blomfield (1958) found little 
difference in housing conditions, social class or 
maternal care between accident and control groups; 
children with two or more accidents were found to 
have slightly better physical development and 
mental ability. Langford, Gilder, Wilking, Genn 
and Sherrill (1953) found no neurological, ophthal- 
mological or intellectual differences between a small 
group of accident-repeaters and controls. An 
increased number of accidental injuries has been 
reported in the families of injured children compared 
with the families of control groups (Langford et al., 
1953: Backett and Johnston, 1959). This has also 
been recorded in adults (Dunbar, 1943). 

The present work was undertaken in an attempt 
to see whether accident-proneness plays a significant 
part in the aetiology of head injuries in childhood. 


Material 


Two series of observations were made. For the 
first series the case notes were examined of all 
children with head injuries admitted to Sheffield 
Children’s Hospital between January 1, 1952 and 
December 31, 1958. Cases were included on the 
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following criteria: (1) The child’s age was 13 years 
or under (but birth injuries were excluded). (2) The 
child was admitted to hospital because of the head 
injury or associated injuries. (3) There was a 
history of an accident which could have caused a 
head injury or obvious evidence of, for example, 
a fractured skull. (4) The child had one or more 
of the following: coma, stupor, drowsiness, con- 
fusion, vomiting, convulsions, lacerations of the 
head or bleeding from the nose or ear. These 
features were usually the reasons for the child’s 
admission. Most of the children suffered mild or 
moderate head injuries, according to Symonds’ 
(1949) classification. Seventeen children (11 boys 
and six girls) had severe injuries and three of these 
died. 

The second series consisted of 30 patients with 
head injuries admitted to the same hospital between 
September 1, 1958 and April 30, 1959. These were 
seen personally and the parents interviewed. Full 
past and family histories were taken with special 
reference to accidental injuries, burns, and poison- 
ings. These patients were matched by sex and age 
(to the year over the age of 2 years and to the 
quarter year below that), with 30 other patients 
admitted to the same wards during the same period 
of time. This control group was made up of acute 
medical cases, since closed head injuries are admitted 
to medical wards in this hospital. Eighteen of these 
children had acute infections (eight of the respiratory 
tract), three had rheumatic fever, two had ana- 
phylactoid purpura, two chorea and five had other 
miscellaneous conditions. Similar histories were 
taken from the parents of these children. The two 
series overlap to some extent. 

This hospital is a general children’s hospital 
serving Sheffield and the surrounding districts. The 
great majority of the patients came from Sheffield 
itself. 


First Series 

Sex and Age. There were 1,180 cases of head 
injury in the first series of whom 825 were boys and 
355 were girls. This is a ratio of 2-3 boys to one 
giri (Table 1). At all ages there were more boys 
with head injuries than girls. The number of boys 
and girls at each year of age in the general population 
of Sheffield is known from the census of 1951 
(Registrar-General, 1951). Using these figures, it 
can be said that the e excess r boys wip nead aae 


enn the a of a year. It ne IAN 
(x? = 3-71; n = : p = 0-05) for the first 2 years 
of life and highly significant (x7 = 6:63; n = 1; 
p = 0-01) if the first 3 years of life are taken 
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TABLE. 1 
AGE AND SEX DISTRIBUTION OF THE CASES OF HEAD 
INJURY. 
Age iu : | No. of boys 
years Bays Girls | _ Totals | per girl 
a Under] | 29 | @& | 4 | V6 
ie. 4 51 a E. 85 1-8 
25 a 52 36 o 88 1-4 
3- | 62 38 100 1-6 
4 | 66 37 103 1-8 
Se. d 69 34 103 20 
6 |} 86 31 117 2-8 
J= | 86 30 116 28 
8- 82 29 hit 2-8 
9. | 82 21 103 3-9 
0- | 56 23 79 24 
He, 4? $ 50 5-3 
n2- 36 T 47 3-3 
13- | 26 5 3i 3.2 
iis 825, 355 LIBO aS. 
together. In general, after the age of 2 years, the 


ratio of boys to girls steadily increased with age. 

The age and sex distribution of the cases are 
shown in Tables | and 2 and Fig. 1. Ht can be seen 
that the total number of cases rose steadily from the 
youngest age groups to a plateau at 6 to 8 years and 
thereafter declined. There were nearly four times 
as many cases at the age of 6, 7, or 8 years than at 
the age of 13 years. 

There was a marked n TINA in the age distribu- 
tion of head injuries in boys and girls. The peak 
frequency for giris was at the age of 3 years, followed 
by a steady decline with each older age group. 
The peak frequency for boys, on the other hand, 
was at the age of 6 to 9 years, and the numbers fell 
rapidly after that. 


Month of the Year. Fig. 2 shows the monthly 
incidence of cases of head injury for each year of the 
survey. More cases regularly occurred in the 
summer than in the winter months. The whole 
Series is summated for one vear in Fig. 3, together 
with the distribution of cases according to sex and 
age group. Seasonal variations were most marked 
in the numbers of boys in the 0 to 4, and 5 to 9 
year old groups. | 

TABLE 2 
DISTRIBUTION OF CASES OF HEAD INJURY BY SEX AND 
AGE GROUPS 








Gack Boys : Ss Girls). % | Totais! % | Boys 
(years) i ; T ; : i per 
DOE: SENN SEN E E E E 
0-4 | 20 22 | 14, 14 | 423°) 36 16) 
9 § 405 , «My 145 | 3) $50. 4728 
10-13 160 | 4: 47) : 3 | 207 | i? = 3:4 
a a ees i Soca a sisi os n pero a bos MEOS ae 
| 825 i 70 | 355 z 30 | £,180 100 2°3 
a 
. 
¢ 
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Fig. 1,-—Age and sex distribution of all the cases of head injury from the first series. 





YEAR, 


Fic. 2.--Monthly incidence of the first series of head injuries for each year of the survey. 


-Day of the . Week. Fig. 4 shows the cases dis- Time of Day. There was enough information in _. 
r ' tributed according to the day of the week on which the notes to time the accident to the nearest hour 
-the accident occurred. There were only slight in 649 cases (Fig. 5). There were two peak periods, — 
daily variations and the differences are not significant one at midday and another larger one at 5 to 6 pm. © 
TECE = TOLRE = §; 0 7>p>0-:5). The ratio of Each age group showed the same sort of pattern but 
= boys -girls altered very little from day to day in it was least marked in the 10 to 13 year old group 
the ponies as a whole and in the different age groups. and most obvious in the 5 to 9 year old group. 
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Months of the Year — a 


Fic. 3,—-Distribution of the first series of head injuries by month of the year, sex and age-group. 
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Fic, 4.— Distribution of the first series of head injuries by day of the week, sew and age-group. 
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FG. 5 Distribution of 649 cases of head injury from the first series by time of day, sex cand agegeroup, 
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Gd istribution of L472 cases of head injury from the first series by type of accident, sex and age-group. 
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The peak frequencies in this latter group were 
almost entirely made up of boys, whereas the peak 
frequencies in the 0 to 4 year old group were made 
up of both boys and girls. 


Type of Accident. Precise details of the accident 
causing the injury were seldom available. There 
was enough information, however, to classify the 
accidents into three main. types. All accidents 
involving a moving vehicle were described as road 
accidents. Falls included falls from a height and 
falls on the child’s own level. The term ‘impact’ 
was used for those cases in which the child was 
struck by or ran into an object. The results are 
shown in Fig. 6. 

Falls were the largest category of accident. Falls 
were as common in the 0 to 4 year old group as in 
the 5 to 9 year old group. The 5 to 9 year old 
suffered more road accidents. There were more 
boys than girls in each age group of each type of 
accident. 

Accident Repetition. The 1,180 cases were dis- 
tributed among 1,155 patients. Nineteen children 
between them had 44 head injuries (Table 3). Put 
in another way, 1:694 of the children suffered 3-7°% 
of the head audes 

Fifteen of these accident-repeaters were boys and 
four were girls. This sex ratio is not significantly 
p->Q-5) from the 
rest of the series, At the: fie heh last injury, 
four were in the 0 to 4 year old group, 13 were in the 
5 to 9 year old group and two were in the 10 to 13 
year old group. None of these children sustained 
a severe injury. Thirty-two of the 44 accidents 
were falls, seven were road accidents and five were 
due to impact. This distribution is significantly 
oo from the pick at the: cash G” = = 7:42; 


a injuries were more often aa to falls ag to 
road accidents or impact. 

In addition to these 19 children, 57 children had 
had one or more accidental injuries in the past 


TABLE 3 ; 


DISTRIBUTION OF 1,180 CASES OF HEAD INJURY AMONG 
1,155 PATIENTS 








| aaa 
j Number of 
No. of Head Injuries | Children Cases 
1 1,136 1,135 
2 28 
3 4 12 
4 i 4 
1.158 : 1800 
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requiring medical attention (lacerations, known and 
suspected fractures, poisoning, etc.). In all, then, 
a total of 76 children (6:6%) had a past history of 
accidents at the time of their head injury. Sixty- 
three of these were boys and 13 were girls. This 
excess of boys is significant (y? =< 5:91; n= l; 
0:02>p>0-01) compared with. the rest of the 
series. Sixty-five children had a past history of one 
accident, eight of two accidents and three of three 
accidents. 


Second Series 


The past and family history of children with head 
injuries was studied more closely for two reasons. 
In the first place it seemed. likely that the past 
histories in the case notes: of the first series were 
inadequate. In the second place, because of the 
observations of Langford ef al. (1953) and Backett 
and Johnston (1959), a greater incidence of acciden- 
tal injuries was expected in the families of these 
children than in a control group. 

The patients of the control group were chosen to 
match the age and sex of the patients with head 
injuries. The 60 children of these two groups were 
called the index cases. It was found in retrospect 
that the two groups were very similar with regard to 
a number of other general features (Table 4). There 
were few differences in the informant’s kinship to 
the index cases, the informant’s own estimates of 
their housing conditions or the social class of the 
children in each group as judged by the eccupation 
of the father. 





TABLE 4 
COMPARISON OF AGE, SEX, INFORMANTS, HOUSING AND 
SOCIAL CLASS OF ACCIDENT AND CONTROL GROUPS OF 
THE SECOND SERIES 





| Head tnjury 
c omrol | Group 


Group Totals 
Sex: : : l 
Boys sd 20 . 2 46 
Girls 10 10 2 
Age group: | ae 
0-4 years at 9 4 E 
$-9 years ..: 13 13 26 
10-143 years 8 8 i t6 
informants: . 
Both parents ..: 4 i4 28 
Mother iad id i2 ; 26 
Father Sal 2 3 3 
Sister ejo. 0 ł ł 
Housing: l D z 
Unsatisfactory ..| & S H 
Satisfactory 24 25 49 
Social class: | | | 
Land H an 3 <b il 
HI eet 15 yy 27 


IV and V zal 12 ION, re: 



















history of injury. 
boys and three were girls. 
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oe TABLE 5 
o COMPARISON OF PAST AND FAMILY HISTORY OF INJURIES IN ACCIDENT AND CONTROL GROUPS OF THE SECOND 











The results are summarized in Table 5. Thirteen 
of the children with bead injuries had a past history 
of injury, compared with 10 in the control group. 
The 13 children in the head injury group had had 19 
injuries between them, and the 10 children in the 
control group had had 18 injuries. Neither of these 
differences i is significant. Similar comparisons were 
made between the siblings of the index cases, their 
par ats, their more distant relatives and combina- 
ions cf ‘these groups. No significant differences 

wind in the incidence of past injuries. There 

| - Significantly more siblings and relatives in the 
ami dies of the head injury group. 

-Over a third. of the 60 index children had a past 

Twenty of these children were 

a: This is significantly 

O oQ == 838; n= 1: p002) more boys than 










~~ would be expected from the sex ratio of the rest 

. cof the series. 

nearly half of the parents, roughly a seventh of the 
siblings and a twelfth of the remote family. 


There was a history of injury in 


Discussion 


_ The incidence of head injuries in this series was 
cheat to vary wat ur main factors: Sex, age, the 













Head Injury Value of 
: Group ic ontrol Group | Total x p 
ee sai a Sc a ai nea ones een a [een 
ante Cases: ; i i 
"Nocof individuals en ae 3G 30 ; 60 ~ : — 
no with past history of injury . ines 13 10 ; 23 Í 0-16 ; 0-7-0-5 
&. of injuries: incurred |. ‘a 19 i 18 i ~ ! 
en past ae of injury : i | | ; 1 2-0 . | 
f injuries incurred af pal 10 , I8 1-46 l -3-0-2 
| Ne, of individuals bes a 60 : 60 120 ; = | — 
Ne, with past history of i injury es oat 3: í 26 s7 i 0-28 : 0-7-0-5 
; Ne; of injuries incurred .. oi a 46 39 : 85 | 0-42 0-7--0-4 
rset i E mh aoe brates E tsar hate asain sa tant ; EEES ERTE EEES vidoes ont f PEA EE ett aaah ECE pemean ienn i ENEA E AEEA METTEN 
` Ciise family: (2 and 3) ! ; i i 
ooo Ne of individuals . ae ve 126 104 © 230 i 1-92 | 0-2-0: 1 
C. Ne,owith past history of i injury gi ses 37 35 72 | 0-33 | 0-7-0-5 
og Ne. of injures incurred ro o5 $4 84 49 | {03 i 0°08 | 0-8-0-7 
7 5 Remote family: | | 
. ‘grandparents, parents’ siblings, first: : ; i 
x cousins) : : : , 
` Na. of individuals n ae $28 440 ] 968 ; 506 i 0-05-0-02 
‘Ne. with past history of i injury .. T 42 4g &2 ; 24 i 0-7-0-3 
No.of injuries incurred .. s na 57 | 30 } 107 ; 0-02 0-9-0-8 
VE A a= RL GER RTO Sank ee ON SN LOM ET [Laenen anniv [sree PERNE PONER E ae EEST 
6 Whole family: (1-4-5) | i | 
Ne. of individuals ; 4 T 684 574 1,258 9-44 !  >0-01 
Ne. with past history of injury a sae 92 | 85 177 i 0-34 0-7-0-5 
Ne. of injuries incurred .. a oH 130 | 117 | 247 ; 0-24 0-7-0-5 
i ; l 
A OOO EOE SOE 
Results There were consistently more boys than girls in all 


situations that were examined. More boys had 
head injuries at each year of age, in every month 
of the year, on each day of the week and at each 
hour of the day. More boys suffered each particular 
type of accident. More boys had severe head 
injuries, repeated head injuries and a past history 
of other accidental injuries. 

The ratio of boys to girls in the first series was 
2-3 to 1. This might conceivably be due to an 
excess Of boys over girls in the general population. 
In Sheffield, however, the ratio of boys to girls is 
only 1-05 to 1 (Registrar-General, 1951), so that 
this can only account for a small fraction of the 
preponderance of boys with head injuries. Others 
have reported a similar sex incidence (Beekman, 
1928; Ireland, 1932; Fabian and Bender, 1947; 
Rowbotham, Maciver, Dickson and Bousfield, 1954: 
Harris, 1957). 

More boys had a past history of accidental injury 
than girls. This suggests that, in general, boys are 
more prone or liable to accidents than girls. This 
is borne out by mortality figures (van den Berg, 
1957), hospital accident series (Simson, 1956), 
surveys of home accidents (Dennis and Kaiser, 
1954) and other community studies (Jacobziner, 
1955; Rice, Starbuck and Reed, 1956). This 
is not necessarily true for every type of injury 
because, for example, burns are commoner in girls 
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than in boys (Colebrook, Colebrook, Bull and 
Jackson, 1956). P 

A boy's relative proneness to head injury seems to 
vary with age. The ratio of boys to giris with head 
injuries steadily increased after the age of 2 years. 
However, as in other series (Ireland, 1932; Row- 
botham er al., 1954; Harris, 1957), the maximum 
incidence of cases was in the middle years of child- 
hood. These two factors offset one another so 
that the commonest age for head injuries in boys 
was 5 to 9 years. 

Seasonal variations in the incidence of fatal (van 
den Berg, 1957; Kanellakis, 1958) and non-fatal 
(DeCosse, 1953; Jacobziner, 1955) childhood acci- 
dents are well recognized. The greatest danger is 
in the summer months. The present series of head 
injuries conformed to the same pattern. There 
were no significant variations in the number of head 
injuries according to the day of the week, although 
both DeCosse (1953) and Ehrenpreis (1957) have 
reported low incidences of accidents in general on 
Sundays compared with the rest of the week. 

Marked variations occurred in the time of day 
the accident happened. Peak periods were at noon 
and at 5 to 6 p.m. There were considerable 
differences between boys and girls and between the 
age groups in this respect. Most of the variation 
was due to variations in the numbers of boys. 
Corresponding variations did occur in the numbers 
of girls but these were small and only proportional 
in the 0 to 4 year old group. The most marked 
variations occurred in the numbers of 5 to 9 year old 
boys. Similar hourly variations have been noted 
for childhood accidents in general (DeCosse, 1953; 
Ehrenpreis, 1957). Ehrenpreis states that, in 
Sweden, the peak periods correspond to the hours 
before the main mealtimes and he suggests that mere 
accidents happen because the children are more 
irritable, hungry and less well supervised. It would 
be of great interest, in this country, to see if the 
hourly accident pattern changed if milk were given 
out in schools in the afternoons instead of in the 
mornings. 

Only a small proportion (1-6°%,) of children were 
represented more than once in the first series of head 
injuries. This, by itself, suggests that accident- 
proneness was of no great aetiological importance. 
On the other hand, it might be expected that 
accident-proneness would express itself differently 
at different ages. Affected children who have head 
injuries at the age of 5 to 9 years might have suffered 
burns, scalds or poisoning earlier in life. If accident- 
proneness is important in the aetiology of head 
injuries, one would expect a higher incidence of past 
injuries in a group of children with head injuries 
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than in controls. This could show itself in two 
ways. (1) There could be a greater number of 
children with a past history of injury. (2) Each 
group could have the same number of children with 
a past history of injury, but these children could have 
incurred a greater total number of injuries (Le. they 
are accident-repeaters). No evidence of either of 
these situations was obtained from the second series 
of patients. | 

The second series revealed a high incidence of past 
injuries among children and their parents in both 
the accident and control groups. It was also found 
that the children with head injuries came from 
slightly larger families than the controls. In 
contrast to Langford er al. (1953) and Backett and 
Johnston (1959), no significant difference was found 
in the incidence of accidental injuries in the families 
of the two groups. 

In conclusion, apart from increased liability 
associated with the male sex, no evidence of accident- 
proneness was discovered. This does net disprove 
the existence of accident-proneness. nor discount its 
possible importance in the individual case. It does 
suggest that accident-proneness is of little signifi- 
cance in the aetiology of the great majority of head 
injuries in childhood. 

Adelstein (1952) has critically reviewed the whole 
subject of accident-proneness. He points out that 
much of the confusion is semantic and rests on the 
interpretation of an ‘accident’. This can mean 
death, a major injury, a minor injury or no injury 
at all but only damage to property (a mishap). It 
has been assumed (Newbold, 1926; Heinrich, 1941) 
that these events are closely related and that, for 
instance, the causes of mishaps or minor injuries are 
essentially the same as the cause of major injuries 
and fatalities. This premise is probably maccurate. 
For example, in industry, there is only a very low 
correlation between minor and major injuries 
(Farmer and Chambers, 1926; Adelstein, 1952). 
In childhood, the age distribution of non-fatal 
accidental poisoning is different from that of fatal 
accidental poisoning (Clements, 1956). There is 
little correspondence between the causes ef accident 
morbidity and the causes of accident mortality in 
childhood (Ehrenpreis, 1957). Observations on one 
type of accidental] result (e.g. mishaps, death or a 
particular injury) do not necessarily apply to another. 
Adelstein himself found some evidence of accident- 
proneness in the aetiology of mishaps but little or 
none in the aetiology of major injuries. 

The outstanding objection to the psychological 
explanations of accident-proneness is that they are 
based on such dubious evideyce. Theories have 
largely been built up on the paSgnt’s view of the 
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= Fhe maximum incidence of cases was in the middle 
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cause of his accident, weeks, months or years after 
it has happened. 

>. it has been remarked that preoccupation with 
accid2nt-proneness may well divert attention from 
other more rewarding aspects of accident causa- 
on. These include not only the effects of age, sex 
nd sezson but also the means whereby a child 
arns to avoid accidents (Editorial, British medical 
ournal, 1959). 












Summary 


> Two series of children with head injuries were 
studied. The first series consisted of 1,180 cases 
admitted to a children’s hospital over a period of 
The ratio of boys to girls was 2-3 to I. 


years of childhood. More cases occurred in the 
summer than the winter months. There was no 
significant variation in the number of cases according 
to the day of the week. Two peak frequencies 
occurc-ec during the day, one at noon and a larger 
one t 5 to 6 p.m. Falls were the commonest 
type of accident. Only 1-6% of the children had 
more “han one head injury; none had more than four. 

In the second series, 30 children with head 
injuries were matched by age and sex with 30 acute 
medical cases. No difference was found in the 
incidence of accidental injuries in the past or family 
historæs of these two groups. A third of the 
children, and half their parents had a history of 
accidental injury. The children with head injuries 
came from slightly larger families. 

These findings are discussed. No evidence of 
accideat-proneness was found apart from increased 
liability associated with the male sex. 


1 am grateful to Professor R. S. Illingworth for advice 
and encouragement. I would also like to thank the 
physicians and surgeons of the Children’s Hespital, 
Sheffield, for permission to investigate their patients: 
Mr. T. Foster of the Royal Infirmary, Sheffield, for the 
charts and Miss Fenwick for secretarial help. 
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ABNORMALITIES OF VENTILATORY CAPACITY 
IN CHILDREN WITH ASTHMA AND BRONCHIECTASIS 
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It is now generally accepted that patients with 
pulmonary diseases frequently suffer from an 
impairment of ventilatory capacity and that much 
of their disability is connected with this. A number 
of methods have been devised to measure the 
ventilatory capacity, which all depend on measuring 
the maximum volume which can be ventilated in a 
given time. It can be done directly by persuading 
the subject to hyperventilate maximally and measur- 
ing the volume of gas expired i in 15 sec. or some other 
part of a minute. This is the direct Maximum 
Breathing Capacity (M.B.C.)? and it can be per- 
formed at a pre-determined rate to a metronome, or 
at a rate of the subject’s own choice. The result is 
expressed in litres per minute. 

A different approach to measuring the same 
function has been to analyse a single fast maximum 
expiration against time and take that part of the 
volume expired in the first second or part of a 
second, as a measurement of ventilatory capacity. 
This measurement was introduced about 10 years 
ago (Tiffeneau, Bousser and Drutel, 1949; Gaensler, 
1951) and has since then come into general use. 
It is termed the Forced Expiratory Volume (F.E.V.) 
and the time interval referred to is indicated in 
seconds as a suffix (e.g. FLE.V.,.9, F-E.V.9.75). 

Kennedy and his colleagues have used the 0-75 
sec. volume (Kennedy, 1953) but the 1-0 sec. volume 
introduced by Tiffeneau et al. (1949) has probably 
become more generally accepted as a standard 
measurement (Gandevia and Hugh-Jones, 1957). 

The original justification for using a timed fraction 
of the forced vital capacity (F.V.C.) as an estimate 
of the ventilatory capacity, depended on the concept 
that this fraction represented that part of the vital 
capacity which was actually used during hyper- 
ventilation, the ‘capacité pulmonaire utilisable a 
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Veffort’ of Tiffeneau et al. (1949). Thus, if the 
duration of expiration and inspiration were equal, 
the one second F.E.V. would be the tidal volume 
of the Maximum Breathing Capacity performed at a 
respiratory rate of 30 per min., and the 0-75 sec, 
F.E.V. would be the tidal volume at a rate of 
40 per min. The relationships are more complex 
than these concepts imply as the times taken for 
inspiration and expiration are different and the limit 
of inspiration varies at different rates of breathing 
(Bernstein and Kazantzis, 1954). In fact, the correct 
factor by which the F.E.V. ;., should be multiplied 
for prediction of the M.B.C. is 37-5 (Cara, 1953). 
In this study the ventilatory capacity is measured 
in terms of F.E.V.,.9 and nothing seems to be 
gained from the practice of converting these values 
to an indirect M.B.C., except that normal values for 
the latter are better known. In children, this does 
not apply and, therefore, in this study values of 
F.E.V.,.9 are given unaltered. The Forced Vital 
Capacity (F.V.C.) is measured at the same time as 
the F.E.V.,.9 and ia them a ratio termed the 
F.E.V.°% is derived, ie. (F.E.V. HO) 
Evo 
Very few studies of ventilatory function have been 
done in children. Kennedy and his colleagues 
(Kennedy and Thursby-Pelham, 1956: Kennedy, 
Thursby-Pelham and Oldham, 1957: Thursby- 
Pelham and Kennedy, 1958), have studied the 
ventilatory capacity of normal and asthmatic 
children using the F.E.V.,.75;. (These authors, 
using a different terminology, refer to this as the 
Expiratory Flow Rate--E.F.R.) Engström, Karl- 
berg and Kraepelien (1956) have studied the static 
lung volumes of normal children and Helliesen, 
Cook, Friedlander and Agathon (1958) the static 
lung volumes and the mechanical properties of the 
lungs of normal children. Earlier studies such as 
that of Stewart (1922) were conf ped to measurement 
of the vital capacity, | 
In initiating an .investigation|of pulmonary 
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function it seemed of importance to find tests which 

-woud evoke the cooperation of children and which 
o would measure functions which were, in fact, 
altered in the chronic pulmonary diseases of child- 
hood. The Forced Expiratory Volume in one 
econd (F.E.V.,.,) had the advantage that it could 
è measured very simply in a way which is interesting 



















ine a previcus mvestigation (Strang, 1959) 418 
healthy. schoolchildren were studied and normal 
standards for F.E.V...5, F.V.C. and F.E.V.% 
obtained. The F.E.V.,.) was best correlated with 
standing height, and a regression on the cube of the 
- heigbt with intervals of two standard deviations, 
zi derived from this study, provides normal standards 
for ail comparisons in this paper. These are 
applicable equally to boys and girls. 

Tke present investigation is intended to determine 
the circumstances in which the Ventilatory Capacity, 
in terms of the F.E.V.,.9, is lowered, its discrimina- 
tion as.a climical test and the ways in which the 
measurement can be used in the management and 
investigation of bronchitis in childhood. 


Clinical Material and Methods 


Serial readings of F.E.V.,.. were made on 59 children 
with chronic pulmonary diseases. Two groups were 
examined: 20 with asthma and 39 with bronchiectasis. 


Asthma. Twenty children had the syndrome of 
recurrent dyspaoea, wheezing and cough which is usually 
termed asthme. Ali of them had a persistent eosino- 
philic. im the peripheral blood, and none of them had 

_.evidence of bronchiectasis. Three of these patients 
 prodeced purulent sputum from which H. influenzae 
was cultured and eight of the others had mucoid sputum 
intermittently. This: group of patients were examined 
repeatedly (237 examinations) during the period from 
July, 1958 to February, 1959 and 14 of them were seen 
at twc-weekly intervals during this period, with the 
exception of 26 planned examinations which were missed 

due to holidays. illness and other minor events. 

At the beginning of the study general clinical data 
relating to each child were recorded, including the height, 
weight and age. At each subsequent visit the following 
information was also recorded, the clinical signs being 
classified into four arbitrary gr -ades as follows—(0) Cough 
absert, no chest signs; (1) Cough present, no chest signs; 
(2) Cough present, scattered rhonchi audible in some 
parts of the lungs; (3) Cough present and rhonchi 
auditie in all parts of the lungs. In the group of patients 
examined at two weekly intervals, the number of attacks 
of wheezing in the previous 14 days, the number of days 
since the last attack and the presence or absence of 
dyspmoea on exertion, were also recorded. 

The clinical data were entered on specially prepared 
| forms which provided space for the recording of each 
cof the factors. “each visit the clinical assessment was 
recorded before. ‘he ventilatoryemeasurement was made 






225 


and usually the clinical and ventilatory observations were 
made by two different people working in different rooms. 


Bronchiectasis. Thirty-nine patients with the clinical 
picture of chronic pulmonary infection and expectoration 
of purulent sputum, were examined. All of these 
patients had persistent abnormal segmental shadows on 
plain radiographs of the chest and in 35 the presence of 
bronchiectasis had been confirmed by bronchography. 
None of them had eosinophilia. Serial observations 
were made (209 examinations) but these were less frequent 
than in the group with asthma as a less marked variation 
from time was expected. 


The following clinical information was recorded for 

each patient. 

(a) The height and weight and age. 

(b) The clinical severity in three general grades as 
follows: (1) No obvious disability other than 
cough and sputum. (2) Cough and sputum; and 
in addition, general health interrupted by one or 
more febrile spells or other episodes of illness each 
year. (3) Cough and sputum with either dyspnoea 
or frequent febrile episodes or considerable loss 
of schooling, so that the child cannot live a normal 
life at any time. 

(c) A note was made of the diffuseness of rales or 
rhonchi on auscultation of the chest and divided 


into the following categories of diffuseness. 
(1) Signs, unilateral and localized. (2) Signs, 
bilateral and localized (usually basal). (3) Signs 


disseminated in all parts of the lungs. 

A radiological assessment of the extent of the condition 
was made by examining plain films and bronchograms 
and making an estimate of the numbers of broncho- 
pulmonary segments containing an abnormal shadow or 
deformed bronchus. Thirty-two patients had broncho- 
grams which were considered adequate for this count but 
as the numbers counted on the plain film and on the 
bronchogram did not always correspond, the larger value 
in each case was taken as indicating the radiological extent. 

The allocation of patients into grades of diffuseness 
and severity was done by two observers working together 
with the clinical records of the patients. Some of the 
ventilatory data had been collected at this time but it was 
not before them when the assessment was made. The 
radiological assessment was made with a radiologist who 
had no knowledge of the ventilatory results. 


Testing Procedure. The child was taught how to make 
maximum fast expirations into a spirometer with a light 
aluminium bell similar to that described by Bernstein, 
D’Silva and Mendel (1952), which recorded on a drum 
revolving at 2 cm. per second, One cm. vertical move- 
ment of the bell was equivalent to a volume of 200 ml. so 
that the recording pen described a time—volume graph 
of the forced expiration similar to that shown in Fig. 1. 
After a number of practice attempts, three recordings 
were made from which mean values of the F.E.V.,., and 
the F.V.C. were calculated. These volumes were 


corrected to 37° C. and the F.E.V.%, Le. 
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calculated. In the previous study of normals, 95% of 
repeated readings of F.E.V.,., were within 3- 8%, of the 
individual’s mean value. 

Each child was examined clinically at the same time 
as the ventilatory Measurements were made. All the 
children were receiving medical treatment of some kind. 
The group of 14 children with. asthma, who were seen 
fortnightly, were taking part in a controlled drug trial 
and each of them was having choline theophyllinate in 
high dosage during three months of the observation 
period. 

Results 


Normal Pattern. Fig. 1 is typical of tracings 
which were obtained from normal children. The 
full height of the tracing represents the Forced 
Vital Capacity (F.V.C.) and the distance between 
the onset of expiration and the one second point 
represents the Forced Expiratory Volume in one 
second (F.E.V.;.9). En normal children the absolute 
values of F.E.V.,.9 and F.V.C. depend on the child’s 
size, but the shape of the curve is constant. This 


< 100 
is conveniently expressed as the ratio, EV E’ Q 


or F.E.V.%. In a study of norma! children 
(Strang, 1959) the mean F.E.V. % was 85° (S.D. 5-8) 
in boys and 89% (S.D. 5-4) in girls. 


seconds 


litres 





Fic. 1.—Spirometer tracing of maximum forced expiration. Normal 


child: standing height---53 in. 


Abnormal Patterns. The types of abnormal 
tracing obtained were similar to those described by 
Thomson and Hugh-Jones (1958) in adult patients. 
In Fig. 2, three abnormal tracings have been super- 
imposed on that of a normal child, all of the children 
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seconds 








Fic. 2.—Superimposed spirometer tracings of a normal child and 
three children with chronic pulmonary disease, all 53 in. in height. 


being of the same height and, therefore, comparable. 
A was from a normal child, B from a child with 
diffuse pulmonary fibrosis due to pulmonary 
haemosiderosis and C and D from children with 
asthma. The shape of the curve B was similar 
to the normal, the F.E.V.,., and F.V.C. being 
reduced in proportion. This fact is expressed in a 
normal F.E.V.%. B was of the pattern expected in 
a restrictive lesion of the lungs or chest wall in which 
the extent of movement was. limited but not its rate. 
The abnormal shape of curve C was due to a lesion 
which restricted the rate of movement of the chest, 
but its total volume only slightly. This was the 
pattern expected due to bronchial obstruction or 
diminished elastic recoil of the lungs. The F.E.V.,.¢ 
was reduced to a much greater degree than the 
F.V.C. and the F.E.V.°% was much lower than 
normal. Curve D was a similar pattern but more 
severe. In this case, the F. V. C. and F.E.V.,.9) were 
both diminished but this was more marked for the 
F.E.V.1.o than for the F.V.C. 

In each case the F.E.V.,., was a measurement of 
ventilatory capacity and the F.E.V.°% gave an 
indication of the cause of the ventilatory impairment. 


Results in Children with Asthma. In order to 
allow comparison between variable clinical factors 
and the pooled F.E.V.,.9 results, the latter were 
converted to a percentage of the mean normal value 
for the child’s height. The pooled results in this 
group showed a significant discrimination between 
each of the grades of physical signs (Fig. 3); between 
the presence and absence of dyspnoea on exertion 
(Fig. 4) and between whether or not there had been 
an attack of wheezing in the previous 14 days 
(Fig. 5); there was no difference between one and 
more than one attack in this period (Fig. 5) and the 
number of days since.the attack was not apparently 
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Fic. 6. Asthma. Serial records of F.E.V. in three children. 





z 
5 being 27°%. The actual usefulness of the measure- _ 
5 ment was most evident in serial recordings in 
ne, individuals such as shown for three children in Fig. 6. 
— 59 66 The top record is from a child who was in the normal} 
= ol range of ventilatory capacity most of the time but 
pa : eee had a short-lived episode of abnormality. The 
’ middle record is of a child who was occasionally 







Fic. 5 . Asthma. Pooled results of F.E.V. as per cent of normal a. I : l ae is re t. but more 
“compared with number of attacks of wheezing in previous 14 days. within the normal range, m this Speci 


4 patients, 185 readings.) Symbols And significance as in Fig. 3. frequently below normal. The lowest record is of a 
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Fic.7. Asthma. Serial readings of F, E. Vin nine children compared 
with normal limits, for height. Each child represented as a vertical 
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line and different readings of F.E.V. by short horizontal lines. 
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Fic. 8. Asthma. Serial readings of F.E.V, in 11 children compared 
with normal intervals for height. Each child. represented as vertical 


line and different readings of F.E.V. by short transverse lines, 
vertical lines represent children with purulent sputum. 
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child who had a persistently and severely impaired 
ventilatory capacity throughout the observation 
period. 

The serial records of the 20 children are summar- 
ized in Figs. 7 and 8 and compared with the normal 
limits for height. Nine of these patients were never 
within the normal during the period of observation 
(Fig. 8), and particularly severe ventilatory defects 
were present in the three asthmatic children who also 
had purulent sputum. 7 

The differences in ventilatory capacity between 
different children were evidently marked but not 
readily correlated with clinical data. The mean of 
the F.E.V.s recorded for each chiki was compared 
with the child’s height and weight and with the 
persistence or otherwise of cough. These were the 
only reasonably permanent clinical characteristics 
which could be defined in this group. | 

The mean height was 97-8% (S. D. 7-95) of 
normal.* The mean weight was 83° ($.D. 13-8) 
of normal and there was no significant correlation 
between weight (per cent normal) and F.E.V. (per 
cent normal) (r =0- 184; n==20). Nine patients had 
cough on each occasion they were seen and, in 11, 
cough was absent on one or more occasions, and | 
between these groups the difference in F.E.V.,., was 
significant. (Cough persistent mean F.E.¥. (per cent 
normal) =-49-7. Cough not persistent mean F.E.V.,., 
(per cent normal) ==70-08; te<2-35; p> 0-05.) 


Relationship of F.E.V.).) and F.V.C. (F.E.V. 9%) in 
Asthma. Usually a reduction of F.E.¥.,., below 
normal was proportionately greater than the 
associated reduction of F.V.C. and this produced 
tracings similar to C and D in Fig. 2, in which the 
F.E.V.% was reduced. These changes were regarded 
as largely due to bronchial obstruction. In Fig. 9 
the relationships of F.E.V.,.9 and F.V.C. in these 
patients is presented. The diagonal line represents 
the relationship which would exist if the form of the 
spirometer tracings were normal and in purely 
restrictive lesions the results could be expected to 
fall about sucha line. The quadratic regression line 
indicates the trend of the actual data and can be 
taken to show the changes likely to occur in a 
severely affected child during treatment or spon- 
taneous improvement. In the low ranges, the 
F.E.V.,.9 increases less markedly. than the F.V.C.: 
they then increase at equal rates and the normal 
range of F.V.C. is reached before that of the F.E.V.,.¢ 
Finally the F.E.V., „o increases with relatively small 
ee in F.V.C., reaching first the normal range 
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* The normal heights and weights were taken as the mean heights 
and weights for age from the charts prepared by Dr. P. E. Polani for 
the National Spasties Society. . 
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FG. 9. Agima. Relationship of F.E.V. as per cent of normal and 
CEG, es percent of normal {20 patients, 237 readings). Diagonal 
o interrupted lne is relationship of F.E,Y. and F.V.C. in spirometer 
“tracings of normal shape. Horizontal and vertical interrupted lines 
show lower limits of normal for F. E.V, and F:V.C. Continuous tine 
dS quadratic. regression fitted to data, CP.E.V.<57-11 - 1-08 x 
"EWC. EOU KEC: FEV. and FVC. as per cent of normal 

for height.) 


for F.= WV. oo and finally the normal F.E.V./F.V.C. 
ratio. 


Results in ‘Patients with Bronchiectasis. The 
variation im F. EV. «0 at different times in individual 
r » patients was less than- in children with asthma, the 
< . coeffic'ent.of variation about the individual means 
-being 12%. Many children had abnormally low 
z 3 OF serial recordings as compared with the 













rey aes comparison with clinical factors, 
0 bid expressed as a percentage of the 
ee definable clinical varia- 


y ane of variations in p signs yee 
milar factors with the pooled data was not relevant. 
For this reason, comparisons were confined to 
<o Clinical differences between patients and the mean 
z -F E. V. sej of each. 
TFE “The mean height of the group was 97% (S.D.4-7) 
a af normal The mean weight was 85:6°% (S.D. 
10-9) of normal, but there was no significant 
-o correlation between F.E.V.,., (per cent norma!) and 
weight (per cert normal) (r==0-069, n==39). The 
a results 2 in che three grades of general severity were not 
y different (Table 1). The diffuseness of 
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TABLE r 
BRONCHIECTASIS. COMPARISON OF F.E.V. (PER CENT 
OF NORMAL) WITH GRADE OF GENERAL CLINICAL 
SEVERITY 
Grade of | No. of | | Mean FEV 
Severity | Patients REA normal) t p 
' ui nn O ‘a E 
) | 0288 > O-05 
2 2i | 705 ; 
a \ OBS 0-08 
3 | 6 63:25 | | 
TABLE 2 
BRONCHIECTASIS, COMPARISON OF FEV. (PER CENT 


OF NORMAL) WITH DEGREE OF DIFFUSENESS OF SIGNS 
ON AUSCULTATION 
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Fic, 10. Bronchiectasis. Serial readings of F.E.V. in 39 children 
compared with norma! limits for height. Each child represented as 
vertical line and different readings of F.E.V. by short horizontal lines. 


first two categories but there was a significantly 
lower mean in the third category (Table 2). The 
numbers of affected segments in the radiological 
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assessment ranged from two to 13 but the correlation 
with F.E.V.,.g was not significant (r=-0- 24, n =32). 


F.E.V./F.V.C. Relationship (F.E.V.%) in Bronch- 
iectasis. The relationship of F.E.V.,.q and F.V.C. 
in these patients was not so obvious as in children 
with asthma (Fig. 11). In general the trend was 
similar, reduction of F.E.V.,., being proportionately 
greater than the reduction of F.V.C. The degree of 
this change was less marked, and in some cases the 
F.E.V.,.9 and F.V.C. were reduced in equal pro- 
portions, 
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Fic. ti. Bronchiectasis. Relationship of F.E.V. as per cent of 

normal and F.V.C. as per cent of normal in 39 patients with bronchiec- 

tasis (209 readings). Lower limits of normal for F.E.V. and F.V.C., 
and diagonal indicating normal F.E.V./F.V.C. ratio, as in Fig. 9. 


Discussion 

Asthma. The severe ventilatory abnormalities in 
the children with asthma are reasonably closely 
related to clinical observations, but in the individual 
case it would be impossible to predict the degree of 
ventilatory impairment from clinical data, and in 
particular, serious impairment may be present in the 
absence of physical signs. on auscultation. The 
usefulness of measuring the F.E.V.,.9 is most obvious 
in the serial records of individual children and the 
most striking fact about most of these is the rela- 
tively continuous nature of the abnormality. Only 
rarely is it intermittent and the symptoms of overt 
wheezing arise more often as exacerbations of a 
chronic condition than from a previously normal 
ventilatory state. 

A number of consequences appear to follow from 
the concept of asthma as a continuous sub-acute 
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condition. Treatment with anti-spasmodics or other 
agents might be expected to achieve optimum results 
when given continuously three or four times daily 
over long periods. The results of treatment of this 
kind would need to be assessed in terms of ventila- 
tory capacity as a degree of impairment will persist 
after the disappearance of clinical signs, The aim 
will be to bring the F.E.V.,.9 and F.V.C. into the 
normal limits and during such a development the 
relationship of F.E.V.,.9 and F.V.C. might be 
expected to follow a trend similar to the regression 
in Fig. 9. Thomson and Hugh-Jones (1958) have 
described a similar relationship ‘in adult asthmatics 
and have pointed out that the normal F.E.V.,.) fora 
particular patient has not been reached until the 
normal F.E.V./F.V.C. ratio (F.E.V.%) exists. This 
is important as the patient is likely to enter the 
normal range of F.E.V.,.9 well before achieving his 
own particular normal value. Treatment cannot 
be regarded as wholly successful until a normal 
F.E.V.°% has been achieved. 

The persistence of an impaired ventilatory 
capacity in children over long periods may have a 
bearing on the natural history of the condition. It 
cannot be concluded that all of the patients who | 
remained outside the normal limits of ventilatory 
capacity had permanent pulmonary damage; differ- 
ent treatment, in particular, inhalations of iso- 
prenaline, might have improved some of them. 
Nevertheless, the possibility exists that a prolonged 
ventilatory abnormality, which is pre umably 
associated with bronchial obstruction, may con- 
tribute to permanent pulmonary damage particularly 
if additional agents capable of damaging the lung 
are added to it. In this connexion it may be 
important that persistent cough was associated with 
lower values of F.E.V.,., than when cough was 
intermittent, and that the three children with 
persistent cough and purulent sputum were very 
seriously affected. 


Bronchiectasis. The frequency of ventilatory 
impairment in children with bronchiectasis was 
greater than expected. These abnormalities are 
probably due to factors causing increased stiffness 
of the lungs such as fibrosis and oedema, and also to 
bronchial obstruction, the latter being more impor- 
tant. Different tests would be necessary to elucidate 
these factors further. 

Whatever the exact cause of the mechanical 
disorders of ventilation, they are likely to be due to 
a diffuse process rather than to localized bronchiec- 
tasis. The clinical counterpart of ventilatory 
impairment is not very obvious except in the case 
of diffuse signs on austultation. Morbid anatomical 
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‘Studies including those of Allison, Gordon and 
Zinnemann (1943) and Whitwell (1952) have shown 
hat the disease may be extremely diffuse and may 
¿olye areas which appear normal on broncho- 
rapry. It has also been known for a long time 
hat patients frequently have persistent cough and 
itum following the apparently complete resection 
brenchiectatic areas. There is obvious! y a need 
or a study which includes pre-operative and post- 
perative ventilatory measurements, but it seems 
kely that many children with bronchiectasis may 
have a diffuse bronchial damage or bronchitis, and 
1 SO far as measurement of F.E.V.,.) and F.E.V.% 
yay show this, it should enable detection of children 
unlikely to benefit from surgical resection. 
Fie d (1949), in a study of bronchiectasis in 
` children, claimed that 33° of children had attacks 
of wheezing similar to asthma. This observation 
has net been confirmed in this centre and this may 
be due to differences in material or in terminology. 
The presence of impaired ventilatory capacity, due 
in part to bronchial obstruction, could lead to 
wheezing in certain circumstances, so that the 
presert finding narrows the difference between our 
o observations and those of Field (1949) to one of 
“degree, Measurement of F.E.V.,.q should place the 
phenomenon on a quantitative basis, thus allowing 
exact comparisons, 


















Summary 


Mezsurements of ventilatory capacity, in terms 

_. of the F.E.V.,.¢ reveal persistent abnormalities in 

<a children with asthma and bronchiectasis. They 

appear to provide an objective means of assessing 

. an important aspect of these conditions which 

cannot be accurately assessed on clinical examina- 
tion. 
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Measurements of this kind seem readily applic- 


able to assessing the natural course of these diseases 
and the effects of treatment. 


I am grateful to Professor S. D. M. Court for encour- 
agement and for his help in allocating patients with 
bronchiectasis into clinical groupings, to Dr. D. Ramage 
for the radiological assessment, to Miss V. Faghen for 
technical assistance, to Dr. P. Hugh-Jones for suggesting 
this approach and for his valuable criticism, 
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Since the early studies of the Kroghs (Krogh, 
1915) a number of investigators have employed low 
concentrations of carbon monoxide (CO) in order to 
study the diffusing capacity of the lungs. Carbon 
monoxide is taken up avidly by red blood cells 
in the pulmonary capillaries as it has 210 times the 
affinity for haemoglobin that oxygen has. For this 
reason, during the breathing of low concentrations 
of CO the tension of this gas in the blood plasma 
may be regarded as zero. If this assumption is made 
the diffusing capacity of the lungs for CO (Dco) can 
be derived from a knowledge of the mean alveolar 
CO concentration and the uptake of CO over a 
fixed time interval. Difficulties arise mainly in 
arriving at a valid figure for the mean alveolar CO 
tension and in controlling the variations in diffusing 
capacity which occur in differing states of rest or 
exercise. The diffusion velocities of carbon mon- 
oxide (CO) and oxygen (Oy) are proportional to the 
ratio of their solubilities and inversely proportional 
to the ratio of the square roots of their molecular 
weights. The diffusing capacities of the lung for 
CO and O, (Dco and Dog) can be regarded as 
similarly related, the Dco being converted to Dog by 
multiplying by a factor of 1-23 (Krogh, 1915). 

A number of clinical methods have been devised 
for measuring the Dco using either steady state or 
single breath methods (Filley, MacKintosh and 
Wright, 1954; Forster, Fowler, Bates and Van 
Lingen, 1954: Bates, Boucot and Dormer, 1955; 
Gilson and Hugh-Jones, 1955; Ogilvie, Forster, 
Blakemore and Morton, 1957). The values ob- 
tained in normals and in patients with pulmonary 
diseases differ depending on the method used, the 
greatest difference being between single breath and 
steady state procedures. Because of these discrep- 
ancies and for other reasons the exact significance 
of these methods and the differences between them 
is rather uncertain. Nevertheless, there is no doubt 


+ Now at Postgraduate Medical School of London, Ducane Rd., 
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that abnormalities affecting gas uptake in the lungs 
can be detected by one or other of them, and in 
approaching the general problem of pulmonary 
function testing in children it seemed reasonable to 
use a CO method in order to estimate the possible 
extent of gas exchange abnormalities in children 
with pulmonary disease. 

It was preferred to use a method involving a 
minimum of discomfort for the child and no arterial 
punctures and for these reasons a method of Bates 
(Bates ef al., 1955) with some simplifications was 
employed. 

In this method the CO tension of an end-tidal 
sample is taken as representing the mean alveolar 
tension of this gas. 


Methods 


Clinical Material. Four groups were examined: 
79 normal children, 37 with bronchiectasis, 15 with 
asthma, and two with diffusé pulmonary disease. a 

The normal children were hospital in-patients and 
out-patients in whom cardiac and pulmonary disease 
had been excluded on clinical grounds. Thirty-five were 
girls, 44 were boys, and their ages were 5-14 years. 
Each child was tested on one occasion. 

The 37 children with bronchiectasis were included in a 
previous study of ventilatory capacity abnormalities 
(Strang, 1960). All of them had cough, purulent sputum 
and abnormal segmental opacities on plain radiographs 
of the chest, and in 34 of them the presence of bronchiec- 
tasis had been confirmed on bronchography. Fifty-eight 
measurements of Dco were performed, 16 of the children 
being tested on two or more occasions. To allow 
comparison of functional and clinical data these patients 
were allocated to three grades of severity of symptoms 
and into three categories of increasing diffuseness of rales 
or rhonchi on auscultation of the chest. An exact 
definition of the groups is contained tn a previous paper 
(Strang, 1960). The child was allocated to the categories 
without knowledge of the results for Dco. For com- 
parison with radiological appearances a count was made 
of the numbers of bronchopulménary segments seen to 
be involved on plain radiographs and bronchograms. 

The 15 children with asthma were each tested on one 
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occasior. Eosinephilia and impaired ventilatory capac- 
ity had been detected at some stage in each of them. 
None of them had permanent segmental shadows in 
plain rad.ographs of the chest but four of them habitually 
expectoratec purulent sputum. 

Of the two children with diffuse pulmonary disease 
one chili had severe pulmonary infection associated with 
fibrocysc disease of the pancreas, and the other, 
idiopatkc pulmonary haemosiderosis. The latter child 
had had repeated haemoptyses over a period of five years 
and radsological changes characteristic of the condition. 
Each of these children was tested on three separate 
occasions. 


Apparatus and Procedure. The apparatus (Fig. 1) 
consistec of a 50 litre plastic bag A connected by a 
two-wa¥ tap and 0-75 in. diameter tubing to a ‘Ruben’ 
valve assembly B. This was fitted with a ‘B.M.R.’ 
mouthpeece and connected by tubing on the expiratory 
side to æ 15 litre plastic bag C fitted with a two-way tap. 
The ‘Ruben’ valve was modified to include an Otis- 
Rahn end-tidal sampler D and this was connected by a 
sampling pump to a small 0-5 litre plastic bag E fitted 
with a two-way tap. 

The bags were arranged on either side of a small table 
and the valve assembly and mouthpiece were attached 
to the teble by an easily adjusted flexible clamp holder. 
«During testing, the child sat comfortably at the table and, 
after a brief settlmg-down period, was connected to A 
which centained a prepared mixture of 0:1% CO in air. 
At the Sime time the Otis-Rahn sampler was connected 
to the pamp operating at 250 ml. per min. After 1-5-2 min. 
to allow for clearing of the dead space of the apparatus 
and equdibration in the lungs, the expired gas was collected 
in C fœ I min. by a stopwatch. The end-tidal sample 
was co_lected over 1-5 min. which ensured an adequate 
size of sample. At the end of the procedure, the con- 
centrat ons of CO in the inspired, expired and end-tidal 
samples were measured by passing through an infra-red 





FG. 1.—Apparatus for measuremént of Dco—see text. 
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gas analyser,* and the volume of gas in bag C was 
measured by passing it through a gas meter.t The 
minute ventilation was taken as this volume plus the 
volume removed for sampling and the volume of the 
end-tidal sample. 

From these readings the Dco (in ml./min./mm. 
Hg partial pressure difference of CO) was calculated 
according to the following expression, the tension of CO 
in the pulmonary capillary blood being taken as zero: 

Deo = FI—FE) _ 
FET. (B—47) 
(where V is minute ventilation, FI, FE and FET, are 
fractions of CO in inspired, expired and end-tidal gas, 
and B is barometric pressure). 

Each child was tested twice and the result expressed as 
a mean of the two readings. The amount of blood 
inactivated by conversion of haemoglobin to carboxy- 
haemoglobin was estimated to be in the order of 30-50 ml. 
for the whole procedure. 


Results 


Normals. The coefficient of variation of a single 
estimate of Dco was 10:2%. A significant positive 
correlation was found between Dco and the child’s 
height, weight, surface area and age (Table 1). 
The correlation with surface area was better than 
with the other parameters tested but that with 
height was almost as good and the results are 
presented as a regression on the height with intervals 
of two standard deviations (Fig. 2). 


TABLE | 


CORRELATIONS OF Dco WITH AGE AND VARIOUS BODY 
MEASUREMENTS (79 NORMAL CHILDREN) 


A 


Correlation Coefficient (r) 








Surface area .. 0-654 
Height 0-635 
Weight 0-620 
Age | 0-511 


| 
S... 


Bronchiectasis. The results in 34 children with 
bronchiectasis are shown in Fig. 3 and compared 
with the normal limits for height. Relatively few 
of these results were outside the normal limits but 
there was a trend towards lower values. This was 
shown in a significant difference between the mean 
of this group and the normals when both sets of data 
were expressed as a percentage of the normal mean 
for height. (Normal mean—100%, S.E.=2:17, 
n=79; Bronchiectasis mean=79%, S.E. 2-87, 
n=—58.) 





* Supplied by Sir Howard Grubb (Parsons) Limited. 
t Supplied by Parkinson and Cowan Limited (Type C.D.4). 
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There appeared to be no significant relationship 
between Dco and the grades of severity or diffuseness 
of the bronchiectasis (Tables 2 and 3) and no obvious 
correlation with the numbers of abnormal segments 
counted on chest radiographs. 


Asthma. The results are shown in Fig. 4 and 
compared with the normal limits for height. These 
patients. were in differing states of ventilatory 
impairment, six of them having diffuse rhonchi on 
auscultation at the time of testing. The results, 


20 Pai 


5 v 
x 
x ~ 


Ww 


DCO ml/min. mm Hg. 
O 


40 4 #450 55 60 65 


Height (inches) 
Fic. 4.--Dco of 15 children with asthma. Crosses represent children 


with no overt pulmonary infection. Circles represent children with 
' purulent sputum. 
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Fic. 3.—Deo of 37 children with bronchiectasis compared with 


normal limits for height. 58 observations. Repeated observations 
on one child are joined by a vertical line. 


however, showed no. important difference from the 
normal and they were not analysed further. 


Diffuse Pulmonary Lesions. The results on these* 
two patients, each tested on three separate occasions, 
are shown in Fig. 5 and compared with the normal 


limits for height. The child with fibrocystic disease 


was within normal. The child with idiopathic 


pulmonary haemosiderosis had a severe impairment 


of diffusing capacity and this finding was highly 
repeatable. 


© idiopathic pulmonary haemosiderosis 
g fibrocystic disease of pancreas 
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Fic. 3.—Dco in two chijdren with diffuse pulmonary disease. 
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TABLE 2 


Deo AND CLINICAL ESTIMATE OF SEVERITY OF BRONCH- 
TSCTASIS. had OBSERVATIONS, 34 CHILDREN} 


_ No.of : Mean Deo | 
-Grade of Severity Observations U normal) | t ; p 
po i8 81-6 
j 9- 337 005 
2 31 79-4 
i L- 065 > O-05 


3 19 72- 


Discussion 


The Method. The method used to measure Dco 
can be criticized on at least two grounds. First, it 
could net be ensured that the children were com- 
-pletely at rest or in comparable states of activity 






vag ine the procedure and some of them tended to 


_ hyperventilate, Second, it is quite possible that the 
. end-tidal sample did not represent a true mean of the 
afveolar gas, the poorly ventilated areas of lung 
probably being under-represented. Alternative 
means. OF arriving at this value include calculation 
from zhe arterial CO, tension (Filley er al., 1954), 
calculation from the Bohr equation using an assumed 
value for the anatomical dead-space (Bates et al., 
1955) or the use of a single breath method after 
“preliminary estimation of the functional residual 
capacity (Ogilvie et al., 1957). The first of these 
was not used because arterial punctures were 
considered undesirable in these patients; the second 
could not be used because reliable data for anatomi- 
cal dead-space are lacking in children. The third 
possitility was rejected because it was thought that 
. the timing of breath holding would require too great 
a degree of cooperation. 


Normel Values. The results in normal children 
are presented as a regression on the standing height 
because this appears to be a better basis for com- 
parison between normals and children with pulmon- 
ary disease than the weight or surface area which is 
derived from the height and weight. This is 
because children with pulmonary disease are fre- 
` quenty below normal in weight but seldom in 
height (Strang. 1960). The height was used as a 
basis ‘or comparison in previous studies of ventila- 
tory capacity and this is an additional reason for 
using it here, particularly as the correlation is only 
slightly less good than that with surface area. 


Results in Pulmonary Diseases. Significant abnor- 
malitizs of diffusing capacity would appear to be 
rare on children, The only undoubted example 
detected in this study was in the child with idiopathic 
pulmonary haemosiderosis. This finding was highly 
= repeatable and it is probable that other similar 





TABLE 3 


Dco AND DIFFUSENESS OF SIGNS ON AUSCULTATION 
(59 OBSERVATIONS, 34 CHILDREN) 


| No. of | : 





Mean Deo | 
Grade of Ditfuseness | (Observations | ate normal) | t l p 
i Ig 842 | 
1-49 >O-OS 
2 | 9 75 j 


3 2i 


defects could be detected by this method. Diffuse 
infiltrative lesions of the lungs such as this are rare 
in childhood and the measurement of diffusing 
capacity is likely, therefore, to have a very limited 
application., It is certainly unlikely to be useful in 
studies of asthma and bronchiectasis, 

The overall Dco measured by any steady-state 
technique such as the present one is dependent on 
the balance between ventilation and blood flow, 
and when inequalities of ventilation—bloodflow 
ratios exist, they will lead to lower values for the 
overall diffusing capacity, without there necessarily 
being any obstacle to diffusion in any individual part 
of the lung (Forster et al., 1954). Bronchiectasis in 
children is a diffuse patchy condition (Whitwell, 
1952) which might be expected to be associated with 
inequalities of ventilation and bloodflow, and it may 
be that the lower than normal values of Dco 
obtained in these children are due to this rather than 
to an impairment of diffusing capacity as usually 


understood. If this is so, an investigation of 
ventilation—bloodflow inequalities in this group 
might be rewarding. 

Summary 


Measurements of the diffusing capacity for carbon 
monoxide (Dco) in children are presented. The 
method appears to have a limited application in the 
study of pulmonary diseases in children. 
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Tests of ventilatory capacity based on the record- 
ing of a maximum forced expiration after a full 
inspiration are becoming increasingly widely used. 
They are quicker to perform and require less 
cooperation and effort on the part of the subject 
than the conventional maximum breathing capacity 
estimation, and the results are more informative 
because three indices of ventilatory capacity, each 
of different significance, are derived from the 
recording of this simple manoeuvre. These indices 
are: (1) the forced vital ca ty, (2) the volume of 
gas expired over a given time interval (usually the 
first second or half second), and: {3} the percentage 
of the vital capacity (or. f ced vital capacity) 
expired within the same tit od (that is, 2 as a 
percentage of 1). In this ¢ rent the procedure 
has been found most approp! ite in paediatric work; 
the children learn it readily and can repeat it 
frequently with, in my experience, greater con- 
sistency than the maximum breathing capacity test. 

Adequate normal standards are available for the 
vital capacity (Turner and McLean, 1951; Jones, 
1955), and this paper provides data relating to the 
percentage of the vital capacity expired in the first 
second and half second of a forced expiration. 
































Definitions and Terminology 


The recording obtained when the subject, after 
a full inspiration, forcibly. and completely exhales 
into a spirometer, the movement of which is recorded 
with a kymograph, is termed the forced expiratory 

spirogram (F.E.S.), The: volumes of gas exhaled in 
the first half second and the first second of expiration 
are termed the forced expiratory. volume at half a 
second (F.E.V.9.5) and one second (F.E.V.,. 0) 
respectively. The total volume of gas expired is 
termed the forced vital capacity (F.V.C.). The 
qualification ‘forced’ is added to distinguish this 
measurement from the vital capacity (V.C.) esti- 
mated in the conventional manner, that is, when the 
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expiration, in the earlier phases at least, is compara- 
tively ‘unforced’. The distinction is necessary 
because in certain pathological states the values for 
the vital capacity differ according to whether the 
expiration is forced or not; in emphysema,-“or 
example, ‘air-trapping’ leads to a forced vital 
capacity which is smaller than: the vital capacity. 
The ‘expired percentage’ at 0-5 second or 1 -O-second 
is the percentage of the V.C.* expired in the appro- 
pirate time interval and is. abbr ted to F. E. AEEA 






or FEV,.9%;: it is therefc ore € j n . ae Li 
) FEV. LO a 
s 100 or — VE eee ~*~ 100. l 





The terminology set out oe is in accord with 
that adopted and recommended for general usage by 
the Thoracic Society of Great Britain (Gandevia and 
Hugh-Jones, 1957). IE replaces or modifies a 
remarkable variety of different names employed by. 
different workers in different countries for tests and 
their results which are essentially similar. 


Methods 


The spirometer used was of the type deseribed by 
Bernstein and others (1952) to minimize various errors 
in the response of the bell to the sudden entry of gas. 
All connexions were of wide bore to reduce resistance to 
gas flow. The patient fitted a valveless anaesthetic 
mask, of adult or child size, with a one-inch outlet, to 
his face; a face mask has been found more convenient 
and less disturbing for the patient than the usual mouth- 
piece and noseclip. A Palmer kymograph was set to 
give a paper speed of 3-0 cm. per second. No timing 
device was employed during the recordings but the speed 
of the kymograph was periodically checked against a 
mechanical time-marker. Tracings were not begun until 
the drum had moved approximately 10 cm. One 


* The F.V.C. is used by many workers in preference to the VC, 
However, the latter is the more repeatable estimation and, in my view, 
the more fundamental! characteristic. Numerically the difference is 
negligible except when there is significant “air-trapping’, 
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peu oF > 300 De ‘of gas; this on was s carefully 
a ‘checkec by direct measurement of the internal diameters 
of the bell throughout its length. 
-After their height* (without shoes) had been measured 
‘the subjects were seated at a comfortable height in 
elatior to the spirometer. The tests were explained and 
he fit cf the face mask demonstrated and checked. The 
C, was then estimated in the conventional manner. 
everal recordings of forced expiration were made. The 
umber of recordings of vital capacity and of forced 
expiration variec from subject to subject; four ‘satis- 
factory recordings of vital capacity and three of forced 
expiration were required, the mean value of these 
estimates being accepted. By ‘satisfactory’ is meant a 
recording free of artefacts and of mistakes on the part of 
the subject as judged by eye. Misleading tracings due 
Sto misunderstanding or obviously incomplete co-opera- 
tion were discarded. In most instances ‘satisfactory’ 
therefore implies reasonable consistency. The statistical 
cptreisms of this procedure are appreciated but it was 
used because it must necessarily be the approach adopted 
in clinical pract ce. From two subjects (1:3%) it was 
found impossible to obtain satisfactory recordings. It 
was usual for the subject to have watched two or three 
- of his colleagues do the tests before his turn came. 
o The values for F.E.V.o.5, F.E.V.1.9 and the V.C. were 
,derivec from these tracings and F.E.V.o.5% and 
F.E Va -02%5, wita which this paper is primarily concerned, 
were calculated. 































Children Studied. The children studied attended four 
government schools, two in an industrial area and two in 
residertial suburbs. As the findings were similar in the 
two arsas the results were pooled. A total of 91 males 
-and 76 females xetween the ages of 5 and 14 years were 
-examimed: the numbers at each year of age are set out in 

Table 1. Care was taken to avoid selection on any 
C obvious grounds, such as intelligence or physical prowess, 
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and volunteers were not called. The study was conduc- 
ted in conjunction with the periodical examinations 
conducted by school medical officers. Children with 
asthma, chronic pulmonary infection, moderate or 
severe thoracic deformity and very occasional subjects 
with extremely poor posture and physique were excluded. 
Approximately 10°, of the children were immigrants; 
their results were comparable with those of Australian 
children. 


TABLE | 
AGE DISTRIBUTION OF SUBJECTS 





Number of Patients 








Vearot Life je eee 
Female Male 
"E | 3 | 3 
7 l 7 } 4 
8 l 7 
9 10—-2 | F f 
10 7 f 1l 
i 9 | 10 
t2 12 i 10 
13 i4 25 
14 16-58 1470 
Total sa 79 | 9] s 
| 
Results 


The correlation coefficients and regression equa- 
tions relating F.E.V.o.5% and F.E.V.1 -0% to age and 
standing height are set out in Table 2 for both the 
male and female series. In the latter there is a good 
correlation between F.E.V.o-5% and F.E.V.1.0% and 
each of the other parameters; all the correlation 
coefficients are significant at the 1° level. In the 
male series Aga P are found only in 
relation to F.E.V.9.5%, while those for F.E.V.;.9°% 
are virtually zero. The reason for this lies in the 
stability of F.E.V.9.5°4 and F.E.V.;.0% over the whole 
range of age or height in the boys, whereas in the 


TABLE 2 


CORRELATION COEFFICIENTS AND REGRESSION PAA ac FOR FEV. 9.5% 
AN 


4 AND F.E.V. 1.07, ON STANDING HEIGHT 


D AGE 














Procedure Sex r Regression Equation | 9524 Tolerance Limits at Mean Values 
F.E.V, «5% on staading height (S) Gn) F OO-S77®*# — F.E.V. 9.5% =115-2-0-993 8 | 16-6 
OM 0-216* FEV. 0.5%= 817-0403 S| 120-8 
E.E.V. 4.5°%on age 7A) (mth.) Cp OT 0-547** | FEV. 0.5% = 85-0-0-193 A +17-0 
OM O-273¢* | FEV. g3% 72-7-0105 A +205 
F.E.V. o% on standing height (S) Gn) E 0 372** FEV. 1.0% =113:9-0-56f S 165 
M 0-063 FEV. 1.9%. 87-1-0-098 S £178 
FEV. 2.0% on age {A) (yr.) _ O F 0-336% | FEV. 1.0% 96-2-0-104 A +168 
O M 0-053 FEN 4.65. BI OOIT A 17-8 





Degrees of freedom: females, 77; males, 89; * significant at $% level; 


Mrama eana Anana AAAA ASAE A ANE AA sean snaze aen pannen teenie tab thy eatery aaae hin play Pl ps ap ttre Neem a report Yl 


* Stem height was also measured but subsequent statistical analysis 
- ‘andicated that it offered no advantage over the simpler measurement 
-. of standing height dn the prediction of any of the ventilatory indices. 
The results obtained in relation to stem height were similar in all 
“respects to those fer standing height. . 


+ 


** significant at I% level. 


girls there is a pronounced fall in both values. Fig. la 
shows the regression lines for the absolute values 
of F.E.V.o.5, F.E.V.1.9 and V.C. on standing height 
for both sexes. The increase in V.C. with increasing 
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Fic. la)}—(lower graph}—Regression lines for absolute values 

of F.E.V. 9.5 F.E.V. 1.9 and V.C. on standing height for both SEXES, 

Fic. I (b). —{upper graph)—Relates values for F.E.V. 9.5% and 

F.E.V. 1.9% (calculated from regression lines in Fig. Ha) to standing 
height for both sexes. 


height is similar in girls (continuous lines) and boys 
(broken lines), but in the boys F. E.V.9., and F.E.V.;-0 
increase. more with increasing height and more in 
relation to the V.C. than is the case with the girls. 
This is reflected in the graph (Fig. 1b) relating values 
for F.E.V.9.5°% and F.E.V.1.0%,ascalculated from the 
regression lines in Fig. la, with standing height; the 
calculated values may be compared with the regres- 
sion lines for the actual values (Figs. 2 and 3). 
Separate analysis of the results for children of 
9 years of age and above and for children less than 
9 years old revealed the same pattern of results in 
all groups as in the two series as a whole. There 
was therefore no evidence to suggest that lack of 
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cooperation on the part of the older girls or 
younger boys would serve as an explanation of the 
relative ‘expiratory inefficiency’ of those groups. 
Grouping by age according to the mean values for 
the ventilatory indices or according to the totals 
does not affect the findings set out above. 

Results of multiple regression analysis showed 
that little was gained in the prediction of normal 
values by employing the regression line of F.E.V. 0.5% 
or F.E.V.1.9% on both standing height and age. 
The influence of age is small relative to that of 
height and its inclusion does not materially reduce 
the tolerance limits. It may be added that further 
analysis of the absolute values of F. E.V. 6-5, F-E. V 1-0 
and V.C. in relation to standing height and age 
showed a similarly negligible effect of age. 


Discussion 

The results obtained for vital capacity in this 
survey are almost identical with those of other 
observers and hence the present paper is confined 
chiefly to a consideration of the values for the 
percentage of the vital capacity. expired in the first 
half-second and first second of a forced expiration. 
In clinical work, prediction of normal values based 
on age alone is obviously unsatisfactory because it 
ignores the important factor of size. In the present 
study, as in others, age (over the range studied) was 
found to exert little effect on the several indices of 
ventilatory capacity compared with the effect of size 
as indicated by standing or stem height. Standing 
height is a simple and routine measurement in most 
paediatric clinics and, as stem height was found to 
offer no significant advantage, it forms an appro- 
priate basis for the prediction of normal! values. 

In females F.E.V.9.5°% ranged from 70% at a 
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Fic, 2.-~Actual values for F.E.V. 9.5% plotted against standing height with regression lines and 95% tolerance limits: (a) females, (6) males. 
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- height of 45 in. (114 cm.) to 50% at 65 in. (165 cm.) 


and F.E.V.1.0°5 from 88% to 77% with 95% 


C tolerance limits of 4-17 %s in each case. In the 


males F.E.V.o5% ranged from 63% at 45 in. 
(114 em.) to 55% at 65 in. (165 cm.) and F.E.V.1.9% 


from 32°, to 78% with 95°% tolerance limits of 
20%. As the increase of vital capacity with 





increasing height is similar in boys and girls the 
difference in behaviour is due to different ‘rates’ of 
increase in F.E.V.1.9 and F.E.V.9.5 with increasing 


height; in young boys the absolute values for these 
indices are lower than for girls (although the V.C. is 


higher) but over a height of about 4 ft. 6 in. the boys 


in bors and giris is the same). 
this sex difference is apparent but it is worth noting 


have ~he higher values (although the V.C. increase 
No explanation for 


(a) that the similarity of the line relating V.C. and 


_ height in boys and girls has been reported in other 


studies, and (4) that at the age of 14 years the present 


o values for FLE.V.9.5° and F.E.V.1.9°% are those 


_ regarded as normal for adults of both sexes. 
observations, combined with the finding that the 
results are similar when the younger and older 


These 


_ children are studied as separate groups, suggest that 
the difference between the sexes is a real one and is 
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| Fic. 3.—Actual values for F.E.V. 1.9% plotted against standing height with regression lines and 95°, tolerance limits: (a) females, (b) males. 


not attributable to lack of cooperation on the part 
of any sub-groups in the performance of the vital 
capacity or forced expiration manoeuvres. 


Summary 

Indices of ventilatory capacity derived from the 
forced expiratory spirograms of a series of healthy 
school children are related to standing height. 

Attention is drawn to certain differences between 
the sexes in regard to the proportion of the vital 
capacity expired in the first second or half-second 
of a forced expiration, 


I am indebted to Dr. B. McCloskey and the School 
Medical Officers for their cooperation, and to Dr. 
Howard Williams for his interest in the project. 

The statistical analysis was carried out in the Statistics 
Department of the University of Melbourne, notably by 
Miss Betty Laby, to whom my thanks are due. 


REFERENCES 


Gandevia, B. and Hugh-Jones, P. (1957). Terminology for measure- 
ments of ventilatory capacity: A report to the Thoracic Society. 
Thorax, 12, 290. 

Jones, H. E. (1955), The vital capacity of children. 
Childh., 30, 445, 

Turner, J. A. and McLean, R. L. C1955). 
of lung function in healthy children. 


Arch. Dis. 


Spirometric measurements 
Pediatrics, 7, 360. 


THE CEREBRO-OCULAR-RENAL DYSTROPHIES: 
A NEW VARIANT 


R. A. McCANCE, W. J. MATHESON, G. A. GRESHAM and J. R. ELKINTON 
From the Medical Research Council Department of Experimental Medicine, University of Cambridge and the Children’s 
Hospital, Leicester Royal Infirmary | 


(RECEIVED FOR PUBLICATION AUGUST 31, 1959) 


Under this title it is proposed to describe a 
syndrome which has been under observation in two 
brothers, both of whom have now died. The 
syndrome is characterized clinically by anorexia, 
failure to grow, muscular hypotonia, corneal 
opacities and mental retardation; and physio- 
logically by a severe hyperchloraemic acidosis, a 
very acid urine and a noteworthy defect on the part 
of the kidney to excrete ammonium ions. Pro- 
gressive renal deterioration has been the cause of 
death. The disease thus belongs in a way to that 
ill-defined group described by Lowe, Terry and 
MacLachlan (1952), Royer and Prader (1957), 
Debré, Royer, Lestradet and Straub (1955) and also 
perhaps Goldbloom, Fraser, Waugh, Aronovitch 
and Wiglesworth (1957). It differs from all of 
them, however, in the nature of the renal lesion. 
It has been possible to make clinical, biochemical 
and post mortem investigations which will each to 
some extent be considered separately. 


Clinical Histories and Biochemical Findings 


The Family. The two patients were brothers, the 
only children of normal and unrelated English 
parents. A female sibling was stillborn. Their 
father has two healthy brothers: their mother a 
clinically normal sister. Forty other members of 
the family have been traced without finding any 
evidence or records of the syndrome. 


Case 1 (M), a male child, was born on May 5, 1954. 
Pregnancy and delivery were normal. His weight at 
birth was 2-4 kg. and the circumference of his skull 
32-5em. He was breast fed for three months, but from 
the start took his food badly, and showed an increasing 
tendency to vomit from the age of 3 months. He was 
brought to the hospital at Leicester on account of his 
eyes and there he was found to have corneal opacities, 
nystagmus and intense photophobia. He failed to reach 
the normal milestones and was considered very ‘back- 
ward’ and mentally retarded by the age of 6 months. 
He was, therefore, sent to a London hospital in Decem- 


ber, 1955, where the diagnosis of blindness, corneal 
opacities and mental retardation was. confirmed. 
Pneumo-encephalograms, however, disclosed no abnorm- 
ality. His cerebrospinal fluid (CLS.F.), obtained 20 
to 40 min. after the encephalogram was staff, 
contained 110 mg. of protein/100 mi. and 4@ ceils/c.mm. 
His renal function was not investigated. 

In November, 1956, he was admitted to Leicester 
Infirmary under W.J.M. for further investigation. By 
this time he had had one or two major convulsions. 
He had a little less photophobia but otherwise his 
mental and ocular abnormalities seemed unchanged. , 
His reflexes were all active and normal. His systolic 
blood pressure was found to be 145 mm. Hg by the flush 
method, but a narrow cuff was used and the figure may 
have been too high. Blood was withdrawn for examina- 
tion and the most striking finding was the low concentra- 
tion of ‘total CO,’. Other results were—serum calcium 
10 mg./100 mi. and alkaline phosphatase 12-4 King 
Armstrong units. The findings in the serum and. urine 
a few months later are summarized in Tables | and 2 and 
will be discussed after the clinical histories, The child’s 
renal tract was visualized satisfactorily by intravenous 
pyelography and appeared to be normal. His urine was 
consistently very acid and specific gravities cf 1017-1018 
were reached in concentration tests. Paper chromato- 
graphy (Dr. H. Bickel) disclosed no abnormal amino- 
acids and this finding was confirmed a year later in 
another laboratory (Professor ©. E. Dent). This 
excluded phenyl ketonuria and the emino-acid pattern 
of his serum, which was also investigated by Professor 
C. E. Dent, was found to be normal as well. No 
evidence of cystinosis has been found by any of the 
tests applied. | 

He was admitted to Addenbrooke’s Hospital, Cam- 
bridge, on January 11, 1957, aged 2} years. By this 
time he had had further convulsions. He weighed 
8-4 kg. (normal for age 16-0 kg.); his height was 75 cm. 
(normal 95 cm.), and his skull and chest measurements 
were both 44 cm. (normal 50 cm.). His fontanelle had 
closed. He had nystagmus, and an examination of his 
eyes under general anaesthesia revealed corneal opacities, 
but no abnormality in his lenses or fundi, and it was 
considered that he could distinguish light and shade, 
and probably also recognize shapes. He had some 
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o did mot materially improve. 
March 7, 
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TABLE | 


SHE CONCENTRATION OF ELECTROLYTES AND OF CERTAIN OTHER SUBSTANCES IN THE SERUM OF THE PARENTS, 
= THE MOTHER’S SISTER AND THE TWO CHILDREN 

















“Inorganic P Creatinine | 





pradals 
i e ‘chitdrer:. 


= ‘Ungabilbed data from J. R. Elkinton’s laboratory based on 142 determinations in 50 subjects. 





Na K | Cl | Total CO, | | Urea | Protein 
o (mEq fl. ) | (mEq /i) (mEq A) — (mEq/l) me. {100 mi. ) me H00 ml. ) (mg. iOO. mil. ) & /100 mi.) 
ormal © values 3 € various | 3 ; | | 
sources). $ 130-180 4-1-5-6 98-106 = | 22 5-32 9* | 2-5 a 0-7-20 | {5-40 : 6-5-8-2 
: : 4-6 c 
3 ; 139 4-4 102 28-4 a= H-2 30 j o o - 
othe oe ant 140 : 4-3 i 10S 25-7 3-6 0-9 24 msn 
aterna’ aust ve ps] 150 4-5 : 107 23-4 2 = 1-6 24 — 
ider chid iMi) i T 132 : 65 ; 109 Eee 4-9 Les E aed 
Sige chid {C}. = 130 7-6 t0 tie7 8-4 — 100 6i 


A TABLE 2 
_ACID-EASE RELATIONSHIPS IN THE URINE OF NORMAL ADULTS AND BABIES, THE PARENTS, THE MOTHER'S SISTER, 


THE. TWO PATIENTS, AND ADULTS AND CHILDREN WITH TYPICAL RENAL ACIDOSIS 





On normal aaa After 3 days ammonium chloride 
‘i i | Titratable | | NH4 x 100 | Titratable | NH x 100 | 
| pH acidity (FA) Ammonia > ——~| Inorganic p oH acidity (TA) Ammonia | eet : Inorganic P 
l (Ea. /24hr. mba Btt Tas -b NHs r /24hr. )| na: /24hr) (mEq, /24hr. a TA 4- NHs | | ine. i24hr. } 
. Mean of 7 normat. , i 
-oo adults a -- 3-9; 260 ; 23-0 © APO 799 4-65 47-0 ; 84-0 ; 66 i 984 
"Range fi ai ; : 0 39-56 | ; ; : o 58-74 | 
Father ne S5. 300 l 33-4 © $2-9 i 1,140 » 5-0, 63-0 i 184-0 : 71 © 1,680 
Mother E 58 263 : 35-0 = SFO | 790 ; 3-01 570 ; 180-0 ; 76 = 1259 
Maternal aunt ry o> at 30 , 24:0 EEr r m i47, 42-0 : 85-0 ; 67 : _ 
Norma babies (age ; : : | f i i i 
10 months) ..| 63} 4-8 ; 5-9 pl 550 a 14 1 $-4 | 70 : 12-4 64 : 142 
Older chile iM} 49, T4 : 2-9 / 28-0 | 228 ; ! ; ; 
Renal exidosis ; : : ; : ; ; i 
Adults (mean of 3J.. 6-4 IRI 23.2 : 667 | : SRi 27-2 ; 47-8 i 65 ; 
Children mean of 6) : : l ; i ; 
(Latrer and Burnard,: ; : ; i ; ; i 
1950: ee |65; 2t o; 5:2* + FOO | 1OF o; ; ! 
istacttetetmentann tiated ENE EEEREN AOAOGA OAA AAR 


* m. mols./2 hr. 


intention tremor and a flexor plantar response. He was 
unable te sit up unsupported, and his mental achieve- 
ments were these of a child of 6 mths. His blood 
pressure by auscultation was found to be 95/60. His 
blood count was quite normal and remained so fer the 
next year. He was examined radiologically with great 
care by Dr. F. R. Berridge, but nothing characteristic or 


-diagnostic was found. 


M. was treated for some time with enough sodium and 


-potassium citrates to raise the total CO, in his plasma 


to about 23 m&q.j/l. At this level of plasma CO, he 
sometimes passed an alkaline urine (Schwartz, Hall, 
= Hays and Relman, 1959), but his blood urea remained 
-raised to between 80-100 mg./100 mi., and clinically he 
He was discharged on 
1957. readmitted April 5—June 27, again 
for a few weeks in August-September, and finally in 
late January, 1958. His weight was then 9-1 kg. and 
his height 86 cm. His physical signs were unchanged, 
but he had had more vomiting with some diarrhoea and 
had had more s. His blood pressure was 120/90 and 
his boo urea on February 2! was 124 mg.j100 mli. 
. Gastric uice was removed and found to contain 15 ml. 
oo N/IG HE1/100 ml. A lumbar puncture was performed 


ae 


t mg./2 hr. 


and normal fluid under normal pressure was removed. 
The amino-acid pattern of this fluid was examined by 
Professor C, E. Dent and no abnormalities were found. 
The concentration of glutamine was 7:8 mg./100 mi. 
Dr. J. M. Walshe, who kindly made this determination, 
considered the figure to be a normal one, as also was the 
one found for his blood ammonia. 

An electro-encephalogram was recorded on February 4. 
It was reported upon as being very abnormal. No part 
of the cerebrum appeared to be functioning physio- 
logically, and a lumbar puncture six days before could not 
be held responsible. 

it was considered justifiable at this time to study M.’s 
reaction to acetazolamide. This was done while he was 
being treated with citrates and his plasma CO, was 
normal. Table 3 shows the results that were obtained 
after he had been given 188 mg. of acetazolamide/day. 
His urine became alkaline and the total CO, in his 
plasma fell from 30 to 16 mEq./l. The concentration of 
sodium in his serum fell at the same time from 138 to 
127 mEq/l. It was concluded that this was the reaction 
of a person with a normal carbonic anhydrase mechanism 
in the renal tubules. 

The boy was treated with 25 mg. of methyl testosterone 
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per day from February 14 to March 12. He improved 
clinically, gained some weight and became more alert, 
but his blood urea was 166 mg./100 ml. on the last date, 
and his treatment was then changed to 0-5 mg. of 9-a- 
fluorohydrocortisone. Three days later (March 15) he 
was obviously not so well, had become lethargic and had 
lost any inclination for food. The concentration of 
urea in his plasma was found to be 195 mg./i00 ml. 
Next day his temperature had risen to 102° C., pulse to 
160 and respirations to 60/min. His blood urea on 
March 17 was 263 mg./100 mi. and his haemoglobin was 
found to have fallen to 7-5 g./100 mi. He was accord- 
ingly given a transfusion of 250 ml. of whole blood 


followed by 100 ml. of 4 sodium lactate since his plasma 


‘total CO,’ was only 13 mEq./l He passed about 
500 ml. of urine on March 15 with a specific gravity of 
1008. His serum chemistry on March 19 was as follows: 
urea 277 mg./100 mi., Na 142, K 4-6, Cl 80 mEq.jl., 
total CO, 36-5 mEq./l. By this date he was passing 
very little urine and he died on March 23, 1958. 


TABLE 3 


THE EFFECT OF ACETAZOLAMIDE ON THE SERUM AND 
URINE OF THE ELDER SIBLING (M) 


aeaaea ALA ana mae EE RAE mere err ETT n A a ann EY paanan heme nt: E aan tasty staining aaa a MAAN 


Urine pH A= 6- | 7:8 
Serum Na mEq./ jil. e 138 i se n 
OL. a aa 100 | 99 
Cos >o l] 30 | 16 
Urea mg./100 mi. . | 153 | 209 
eee ener ATLANTEAN TTL OORT AAAA: 


Case 2 (C), the younger brother of M. was born on 
March 1, 1956. He weighed 3-1 kg. at birth and the 
circumference of his skull was 35 cm. He always took 
his food badly, and by 7 weeks had gained no weight. 
In the light of his elder brother's records he was suspected 
at this age of being mentally defective. After a few 
months he began to have attacks of vomiting. At the 
age of 7 months he was admitted to the Leicester Royal 
Infirmary. He weighed at this age 6-5 kg. He was 
‘floppy’ and hypotonic and could not hold his head up, 
but his reflexes were normal. He did not appear to be 
blind but had corneal opacities, and did not follow a light 
with his eyes. His systolic blood pressure by the flush 
method was 70 mm. Hg; retinal vessels which could be 
seen were stated to be somewhat attenuated. 

Samples of his blood were taken-and analysed in 
November, 1956, and some of the results will be con- 
sidered. later. {Table 1). Other findings in the serum at 
that time were calcium 9-6 mg./100 ml., and phosphatase 
25:5 King Armstrong units. Samples ‘of his urine were 
investigated by paper chromatography by Dr. H. Bickel 
on two occasions for unusual amino acids, but none were 
found, Several concentration tests were made and the 
highest specific gravity was 1017. The pH was con- 
sistently low and the lowest figure recorded was 5-0. 
An intravenous pyelogram was carried out, and both 
kidneys appeared to excrete the opaque material norm- 
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ally. X-ray photographs showed no signs of osteo- 
porosis or renal calcification. 

The child contracted an intercurrent infection with 
diarrhoea in December, 1956, but death was probably the 
result of functional renal failure, for his blood urea, 
shortly before death, was found to have risen to 186 mg./ 
100 ml. on December 26, 1956, and the puimonary 
oedema found after death was considered to be uraemic 
in origin. 


Acid-base Records and Comparisons 

Table 1 shows the findings to be expected in a 
normal serum, and the results which were obtained 
on investigating the father and mother of the two 
children, the mother’s sister, and the two children 
themselves. The figures given for M are the means 
of several samples all taken during his first two 
admissions to Addenbrooke's Hospital. It will be 
noted that no abnormalities were found in the 
father, mother, or mother’s sister and that both 
children had low concentrations of sodium in thelr 
serum, high concentrations of potassium, and very 
low ‘total CO. They also had concentrations of 
urea above the normal limits, but the plasma levels 
of inorganic phosphorus and creatinine in M were 
essentially normal. 

Table 2 shows the averaged findings for the 
24 hour urines of six normal adults before and after 
the administration of 2 to 2-5 mEq. of ammonium 
chloride per kg. per day for five days. It also 
shows the results for the same test on the father and 
mother of the two children, and on the mother’s 
sister. Results for some normal babies and some 
cases of juvenile renal acidosis are included; some of 
these have been taken from the literature. The 
results for M are given in heavy type. Unfortun- 
ately those for the young child, C, are limited, It 
will be seen that: 

(1) The average pH for the seven normal persons on 
their customary diet was 5-9, and the percentage of the 
surplus anions excreted as ammonia, i.e. the ammonia x 
100/ammonia +-titratable acidity was 47. This conforms 
with the findings of Marriott and Howland (1918), 
Van Slyke, Linder, Hiller, Leiter and McIntosh (1926) 
and of Linder (1927). In this paper the equivalent of the 
titratable acidity--ammonia will be referred to as the 
‘surplus non volatile anions’, or simply ‘surplus anions’; 
in the absence of urinary bicarbonate this is a measure 
of the excretion of acid or hydrogen ions. 

(2) After five days on ammonium chloride the pH of 
the normal urines had fallen to 4-6, the titratable acidity 
had increased, but to a smaller extent than the ammonia, 
and the percentage of the surplus anions excreted as 
ammonium salts had risen to 64; this was in accordance 
with expectation (Davies and Yudkin, 1952; Rector, 
Seldin and Copenhaver, 1955; Ryberg, 1948). 

(3) No abnormalities were detected in the father or 
mother. 
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(4) The percentage of the surplus anions excreted by 
the mother’s sister as ammonium salts on her customary 
diet may have been somewhat below the normal average, 
but it wes not below the normal range and the respense 
to an acad load was perfectly normal. 

(5) The patients with renal acidosis were unable to 
achieve the normal acidification of the urine but the 
percentaze of the surplus anions excreted as ammonium 
salts was quite normal. 

(6) Bcth children were able to lower the pH of their 
urine to the normal extent, but the percentage of the 
surplus anions excreted by M as ammonium salts was 
abnormelly low. It was, moreover, consistently so. 
Only one figure above 30 was obtained. 


Post Mortem Findings 


Naked Eye Appearances. A post mortem examination 
was conducted in both children, but in greater detail on 
the older child and the account which follows is based 
upon findings in the latter except where the younger 
child (C is specifically mentioned. 
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There was nothing characteristic about the external 
appearances of either child. No abnormality was 
detected in the liver, gall bladder, bile ducts, spleen, 
portal vein or its branches. The same applies to the 
oesophagus, stomach, small and large intestine. The 
pancreas was of normal size in M’s case but rather hard 
and the cut surfaces were very firm; the ducts were 
normal. All parts of the heart were normal; there was a 
normal distribution of the great vessels and their branches 
and the renal vessels were normal. The lungs of M 
showed tiny areas of collapse along the posterior borders 
but otherwise appeared normal; the air passages were 
lined by dry grey mucosa; the larynx, tonsils and middle 
ears were normal. As already mentioned the lungs of 
the young child (C) were oedematous. The bones were 
macroscopically normal; the costo-chondral junctions, 
the right femur and an entire vertebral strip were inspec- 
ted. The pituitary, thyroid, thymus and _ suprarenal 
glands were all normal. 

The brain was highly abnormal. Small sunken areas 
of atrophy were present in gyri of the superior parts of 
the parietal lobes (Fig. 1). There was also conspicuous 
cerebellar atrophy. The cerebellum as a whole was 





Fig. 1.—Parietal cortex ef M showing a small area of atrophy. 
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Fic. 2.—Cerebellum showing reduction of size and symmetrical areas of atrophy. 


small, the folia being below the normal size and the 
vermis and nodule almost completely atrophic (Fig. 2). 
The cerebral veins and arteries were normal, however, as 
were the dural sinuses and meninges. No abnormality 
was found in the spinal cord. 

Both testes were absent from the scrotum, nor could 
they be located in any of the usual ectopic sites; all that 
could be found were slight swellings on the spermatic 
cords near to the attachment of the gubernaculum to the 
scrotum. C had horseshoe kidneys but no other 
anatomical abnormalities. In M’s case the renal cortex 
showed a curious yellow speckling and was of reduced 
width (0:2 cm.) compared with a control (0°5-0°6 cm.) 
of the same age. The renal pelves, ureters, bladder and 
penis were normal. 


Histological and Enzymatic Examinations. Pieces of 
tissue were taken from many of M’s organs and fixed in 
10% formaldehyde saline. Pieces of kidney, liver, 
pancreas, heart and brain were ‘freeze substituted’ in 
butanol and embedded in water soluble wax; these 
pieces were examined histochemically for the distribution 
of a variety of enzymes. Portions of C’s kidney were 
preserved at — 15° C. 

The kidneys of both children showed the same abnorm- 
alities to a similar degree. Deposits of calcium were 
visible within epithelial cells in the distal parts of the 


tubules and in the loops of Henle, but the exact site was 
difficult to define. In M’s case epithelial nuclei were 
outlined by rings of calcium, as they may be in the 
metastatic nephrocalcinosis due to acidosis or alkalosis. 
The glomeruli in the superficial zone of the kidneys were 
abnormally small. Apart from their size some were 
normal while in others the parietal layer of Bowman’s 
capsule was thickened (Fig. 3a and b). No such appear- 
ance was found in controls. The renal vessels appeared 
normal in the sections. No other abnormality was found 
in the remainder of the urinary tract. Sections of the 
lower ends of M’s spermatic cords showed the epididymis 
to be present but none of the sections revealed any 
evidence of testicular tissue. The nuclei in the skin and 
other tissues of the older child were chromatin negative, 
suggesting that the genetic sex was male. 

The cerebellum showed small widely spaced folia with 
absence of a granular layer and the presence of numerous 
Purkinje cells, many of them within the molecular layer 
(Fig. 4). All contained abundant protein when stained 
by the tetrazo method (Fig. 5); gliosis was scanty in the 
granular layer. The pons, olives, dorsal and ventral 
spinocerebellar tracts were normal and so were the 
dentate nuclei. Sections of the cerebral hemispheres 
revealed a deficiency of neurones in the areas of micro- 
gyria but no other abnormality was found in sections 
from most parts of the brain and cord. The right eye 





FiG. 3a.—Section of a normal kidney from a child of the same age 
as M. (H and Ex 115) 


Fic. 3b.—Section of M.s kidney showing a superficial zone of small 
fibrotic glomeruli and erlargement of an adjacent nephron. (H and 
E x 115) 


Fic. 4.—Section o1 M.'s cerebellar cortex. Note the absence of the 
granular layer amd the necrotic Purkinje cells near the surface. (H and 
Ex 115) 
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E SA eee esterases were studied, but the only 
Say = aah s “ significant abnormality was the 
presence of acid phosphatase 
activity near to the deposits of 
calcium in the kidneys. An overall 
reduction of esterase activity was 
found in C’s kidney associated with 
some spots of intense activity in 
certain cells. Portions of C’s 
kidney were examined many months 
after the child’s death for their 
glutaminase activity and the values 
found, which are given in Table 4, 
must be considered normal. 
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Fic. 5.—Asteroid structures in the cerebellar cortex. Abundant protein is present in both opacities, nystagmus and photo- 


phobia came later, as did the 
severe reduction in the plasma bicarbonate, and 


normal and dead Purkinje cells, (Tetrazo method for protein, x 115) 


was examined and some early corneal keratinization and 
vascularization were found but no other abnormality. 
These appearances in the cornea were similar to those 
which had been found in the cornea of the younger 
child C. 

Premature ossification was a feature in the columns of 
cartilage of the epiphyseal plates at the upper end of the 
femur (Fig. 6) (Harris, 1933). 

No abnormalities were found during the histological 
examinations of various parts of the gut, and plasma 
cells were seen in moderate numbers in the lamina 
propria mucosae of the intestine. 

All the lobes of M’s lungs contained histological 
abnormalities: some of the veins had agonal thrombi in 
them, and many of the bronchioles and alveolar ducts 
contained vegetable debris, indicating that some of the 
stomach contents had been inhaled just before death and 
the occasional presence of foreign body giant cells 
suggested that inhalation of vomit had occurred prev- 
iously. 

Histochemical examinations of freeze substituted 
pieces of M’s kidney, liver, pancreas and brain were 
made. Acid and alkaline phosphatases and non-specific 


TABLE 4 


THE GLUTAMINASE ACTIVITY OF THE KIDNEY OF THE 
YOUNGER CHILD AND OF A CONTROL OF ABOUT THE 
SAME WEIGHT 


(see Radde and McCance, 1959) 


| mg. NH3/100 mg. dry matter/hour 





Patient | Control 
Without added glutamine 103 84 
With added glutamine .. 353 | 215 
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the raised blocd urea. The highly acid urines, 
however, separate M and C from the children 
described by Lowe ef al. (1952), and by Royer 
_ and Prader (1957) because all of the latter were 
apparently unable to acidify the urine and there- 
_. fore were correctly diagnosed as cases of renal 
E ~ tubular acidosis (Stapleton, 1949; Doxiadis, 1952; 
Wilkinson, 1954). They were also excreting large 
amounts of organic—probably amino acids—in 
their urine (Jackson and Linder, 1953; Piel, 1957: 
¿> Jonxis, 1957; Mudge, 1958). The present children 
= were not, and the amino acid patterns of the serum 
and C.3.F. of the elder boy (the only one whose 
. CS.F. was tested) were also normal. These 
_ findings were taken at the time to rule out cystinosis, 
and this was again excluded by chemical and histo- 
chemical tests made on the tissues after death. 
Other records which were studied in making the 
differential diagrosis were those of Goldbloom et al. 
(1957). The disease in their cases had a different 
age of onset, anc the patients suffered from nerve- 
deafness and a lesion described as chronic inter- 
stitial pyelonephritis. These syndromes, like the 
present one, may be familial (Cooke and Kleeman, 
1950; Rendle-Short, 1953; Schreiner, Smith and 
Kyle, 1953; Foss, Perry and Wood, 1956: Wrong 
and Davies, 1959). 

It is frequently stated that patients with renal 
tubular acidosis are unable to excrete ammonia 
(Lowe et al., 1952; Lowe and Smith, 1955; Albright, 
Burnett. Parsor, Reifenstein and Roos, 1946: 
Adbrigh:, Conselazio, Coombs, Sulkowitch and 
Talbott. 1940; Baines, Barclay and Cooke, 1945; 
Boyd and Stearns, 1942; McCune and Pray, 1940: 
Piel, 1957; Debre ef al., 1955; Debré, Royer and 
Lestradet, 1956; Royer and Prader, 1957). Some 
authors have considered that there is no real inter- 
ference with the formation of ammonia in this 
disease (Gabrielsen, 1954; Stapleton, 1949: Latner 
and Burnard, 1950; Wrong and Davies, 1959). 
With this the information given in the literature is 
really in agreement (see Table 2), although the 
patients may have been said to be unable to excrete 
ammonta. The patients of Lowe ef al. (1952), for 
example, had perfectly normal NH.2/NH,-+titratable 
acidity ratios in their urine; the figures given 
averaged over 0-6, and there is no evidence that 
their kidneys could not have produced NH; in 
‘normal measure if there had been any way of putting 
them urder test by making the urine acid. There 
is nothing in reral tubular acidosis comparable to 
the findings in these two children in whose urines 
the ammonia formed less than 30% of the ammonia 
+the titratable acidity even when the pH had been 
very low tor weeks. This is the state of affairs 
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originally described by Palmer and Henderson (1915) 
and Henderson and Palmer (1915), who reported 
that, in some patients with advanced chronic 
glomerular nephritis, the NH,/NH, -titratable acid- 
ity ratios were subnormal. These findings have 
been confirmed by several investigators and the 
whole subject brought up to date by Schwartz et al. 
(1959) and by Wrong and Davies (1959). M was 
investigated when the concentration of urea in his 
plasma was still only 100 mg./100 ml. or less, and 
his concentrating power reasonably good. The 
kidneys of both children were examined after death 
and neither of them had lesions in any way resem- 
bling chronic glomerular nephritis as had those of 
the children with a somewhat similar syndrome 
reported by Goldbloom ef al. (1957). It was 
concluded therefore that a feature of our cases was 
a rather specific failure of the kidney to excrete 
ammonium ions—see Wrong and Davies (1959), 
Talbot, Sobel, McArthur and Crawford (1952) have 
described one patient who appears to have had a 
specific renal deficiency in the excretion of ammonia, 
but no others seem to have been recorded. Talbot 
et al, (1952) were interested in such patients mainly 
because the lesion might lead to the excretion of so 
much fixed base, particularly of calcium, that the 
patients developed osteomalacia. They therefore 
described their case in the section of their book 
dealing with the parathyroid glands, and the 
authors have informed us that contact with this 
patient has been lost. 


The Normality of the Titratable Acidity. The 
excretion of a subnormal percentage of the total 
surplus anions as ammonium salts might have been 
caused by a very high titratable acidity in the urine 
due to the excretion of abnormal buffer substances. 
There was no evidence of this in M or C, for the 
amino acids in the urine were normal in amount and 
type, and the quantities of phosphates excreted in 
the urine were enough to account for the customary 
percentage of the titratable acidity. Thus the 
average percentage for six normal adults was 65 
after five days on ammonium chloride and M’s 
average over three days, before being treated, was 
75% The pH of the urines both in the adults and 
in M ranged from 4-6-4-9. There is no evidence, 
therefore, that the titratable acidity was unusually 
magnified in quantity or form or that the NH, x 
100/NH,~+-titratable acidity was abnormal for this 
reason. 


The Ammonia Coefficient. M’s failure to excrete 
ammonia suggested an investigation of the per- 
centage of his total nitrogen excreted as ammonium 
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salts (the ammonia coefficient). This was very low, 
particularly when the pH of the urine was taken 
into account. Thus, out of a group of eight urines 
all with pH between 4-6 and 4-9, M’s ammonia 
coefficient averaged only 1:6. The ammonia 
coefficient of the six normal adults averaged 3:5 
when their urines had an average pH of 6:0, and 
the ammonia coefficient rose to 11-5 after five days 
on ammonium chloride. 


The Nature of the Lesion. The lesions as a whole 
should probably be regarded as developmental 
failures, but the cerebral and cerebellar findings are 
unusual. Agenesis of the cerebral and cerebellar 
cortices usually leads to degeneration of the Purkinje 
and granular cells and extensive atrophy of the 
cerebral cortex (Norman, 1958). Furthermore the 
vermis and flocculi are usually normal, which they 
certainly were not in this case (Fig. 2). The cortical 
and cerebellar lesions appear not to have been 
neurologically associated since the pontine and 
dentate nuclei were normal, and no abnormality 
was detected in the cerebral peduncles or in the 
thalamus. 

The cerebellar lesion is probably best considered 
as a developmental failure or early atrophy of cells 
in the granular layer, and if this is so the conspicuous 
involvement of the vermis is unusual (Ule, 1952). 
The suggestion is supported however by the asteroid 
like brushwork of fibres derived from Purkinje cells 
(Fig. 5); and another finding in favour is that the 
inferior olives were normal, The aetiology of 
cerebellar granular atrophy is in some cases familial 
(Norman, 1940) and usually associated with severe 
mental defect, as it was in this boy. 

Both testes were absent and the case might, 
therefore, be classified as belonging to Klinefelter’s 
syndrome in which mental abnormality, feeble- 
mindedness and idiocy have been described by 
Ferguson-Smith (1958). Total absence of both 
testes is a decidedly rare anomaly. The finding of 
chromatin positive (Barr positive) nuclei neither 
supports nor refutes a diagnosis of Klinefelter’s 
disease, 

The other conspicuous abnormality lay in the 
kidneys, where the thin rind of small cortical 
glomeruli again suggests development failure, though 
it is just possible that some of the appearances might 
have been the result of pyelonephritis. The deposits 
of calcium and the occasional paratubular granulo- 
mata were probably sequelae of the metabolic 
disturbances which were such a feature during life. 
The high concentration of urea in the serum of both 
children indicates that their glomerular filtration 
rates were low. Determinations of M’s endo- 
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genous creatinine clearance were found to be 0-7 ml./ 
kg./min. on December 17, 1957. Some lowering of 
the glomerular filtration rate in the absence of much, 
if any, histological sign of glomerular destruction is 
also in keeping with the large numbers of small and 
apparently undeveloped glomeruli in the peripheral 
parts of the cortex. It is just possible that the 
failure to excrete ammonium was functionally 
connected with these low glomerular filtration rates 
and not with any tubular lesion (Wrong and Davies, 
1959), but M’s glomerular filtration rates were not 
low enough in the early stages of his disease for this 
to be a very satisfactory explanation. 


Summary 


The following syndrome has been defined follow- 
ing its investigation in two brothers whose parents 
were unrelated and healthy. 

Little desire for food from birth; failure to grow 
and thrive; later, vomiting and sporadic attacks of 
diarrhoea. 

Corneal opacities, partial blindness and nystag- 
mus. 

Mental retardation, intention tremor and (in one 
sibling) convulsions. 

Serum: ‘total CO,’ very low, sodium low normal, 
potassium over normal, phosphorus normal, urea 
in the early stages 80-100 mg./100 ml., terminal 
stages 270 mg. 

Urine: always sterile, highly acid. Sp. gr. 1017 
or more in the early stages. NH, 100/NH, + tiir 
ratable acidity abnormally low, but no reduction in 
the glutaminase activity of the kidney in vitro. 

Normal response to acetazolamide (one test). 

Death from progressive renal failure. 

Post mortem: conspicuous structural abnormali- 
ties in the brain, slight keratinization and vascularity 
of the cornea. Some calcification of the kidney. 
Many small (perhaps undeveloped) glomeruli in the 
periphery of a narrow cortex and no testes. 


The authors are grateful to a number of people for 
their help over this investigation, notably Professor C. E. 
Dent, Drs. D. Gairdner, A. G. E. Pearse, H. Bickel, 
E. M. Ward, I. Radde, J. M. Walshe, A. M. Barrett and 
E. M. Widdowson; Mr. A. L. McCurry, Mr. D. A. T. 
Southgate, Miss E. M. Colbourn and the ward staff of 
the two hospitals concerned. 
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Interest has recently been directed towards 
sympodia, a foetal malformation better known by 
the synonyms sirenomelia, sympus dipus or mer- 
maid foetus. This malformation consists of more 
or less complete fusion of the lower limbs to form a 
single extremity. 

Less frequently reported is the condition described 
by Ballantyne (1904) as monopodia, in which there 
is a single lower extremity which shows no indication 
that it has been derived from the fusion of two lower 
limbs. For this abnormality we prefer the term 
monomelia. 

Severe dysplasia of the foetal urinary tract is 
apparently an invariable accompaniment of sireno- 
melia and monomelia. Despite the considerable 
number of cases described in the literature scant 
attention has been paid to certain other associated 
features in the foetus. Only occasionally is refer- 
ence made to the liquor amnii, and there are no 
previous histological studies of the placental 
membranes. 


Case Reports 


Case 1. The mother, aged 35, para. 9, gravida 10, was 
perfectly well throughout her pregnancy. She was 
uncooperative and refused ante-natal care. At 41 weeks 
she went into spontaneous labour and was delivered of a 
male foetus weighing 1,804 g. as a breech presentation. 
No doctor was present and consequently no observations 
were made as regards the liquor amnii. There was no 
history of the membranes ever having ruptured. 

There was no consanguinity of the parents, nor 
maternal illness during the antepartum period. 

Autopsy FInNpINGsS. The foetus showed a single 
midline lower extremity measuring approximately 16 cm. 
which terminated in a stump with no attached digits 
(Fig. 1). The face presented the characteristics usually 
associated with renal agenesis; the ears were large, 
flattened and low set; the nose flattened at the tip; the 
space between the eyes increased; the chin receding 
and the epicanthic folds prominent (Potter facies). The 
right hand was large, clumsy and spade-like; the left 


had only two digits. The anus was imperforate. There 


were no external genitalia. 
The only abnormalities noted on internal examination 
were small hypoplastic lungs and total absence of both 
Two testes were found in the pelvis. i 


kidneys. 





Fic. 1.—Case 1. Monomelic foetus showing large spade-like hands. 

Case 2. The mother, aged 19, para 0, was perfectly 
well throughout her pregnancy. Although there was no 
doubt as to the date of her lat menstrual period the 
uterus was found to be consistently small for the estimated 
period of gestation. *At the forty-second week of her 
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pregnancy she went into spontaneous labour and was 
delivered of a stillborn male foetus, weighing 1,850 g., 
as a breech presentation. The membranes were intact 
up to the time of delivery and no escape of liquor was 
noticed. 

There was nc consanguinity of the parents, nor any 
history of maternal illness during pregnancy. 

Autopsy FINpINGs. The foetus showed features 
identical with Case 1, with a single lower extremity, 
Potter facies, large spade-like hands, absence of external 
genitalia and anal atresia. 

Internal exanaination showed that the kidneys were 
absent and the lungs typically hypoplastic. Two testes 
were found in the pelvis. 


Case 3. The clinical case records could not be traced 
and censequentiy no maternal history was available. 
AUTOPSY FINDINGS. The foetus weighed 1,200 g. and 


presented the typical deformity of sirenomelia, there 
being a single fused lower limb terminating in a foot on 
which there were two great toes (Fig. 2). 


The foetus 





Fic. 2.—Case 3. Sirenomelic foetus with exomphalos. 


showed the Porter facies, large spade-like hands, imper- 
forate amus anc no external genitalia. 

There was a large exomphalos which contained the 
greater part of the abdominal viscera. The kidneys 
were absent and the internal genitalia could not be found. 
The lings were hypoplastic. 


Case 4. The mother was a primagravida who had 
excessive vomiting during early pregnancy. The uterus 
was found to be consistently small for the period of 
gestatiom. At 34 weeks she had an episode of vaginal 
bleeding and about this time also developed ankle 
oedema. At 44 weeks she went into spontaneous labour 
and was delivered of a female foetus as a vertex L.O.A. 
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weighing 2,300 g. The membranes were intact up to the 
time of delivery, and no escape of liquor was noticed. 

There was no consanguinity of the parents. The only 
previous maternal illness was tuberculosis of the bones 
during childhood. 

AUTOPSY FINDINGS. The foetus was a typical example 
of sirenomelia, with a single lower limb composed of 
elements of two fused limbs. The foetus showed the 
typical Potter facies, and the hands were large and 
spade-like (Fig. 3). There were no external genitalia 
and the anus was imperforate. 

Internal examination revealed small hypoplastic lungs, 
complete absence of both kidneys, an enterogenous cyst 





FIG. 3.—Case 4. Sirenomelic foetus showing Potter facies and large 
spade-like hands. 


on the posterior abdominal wall, normal fallopian tubes 
and ovaries and a vestigial uterus but no vagina. 


Placental Examination 


Case 1. The placenta weighed 350 g. The 
foetal surface and membranes were found to be 
studded with numerous small whitish nodules 
approximately 1-2 mm. in diameter. These were 
firmly adherent to the amnion and presented the 
appearance typical of amnion nodosum. The 
maternal surface of the placenta showed no abnorm- 
ality. The umbilical cord contained three vessels. 
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Microscopical examination of the membranes 
confirmed the presence of amnion nodosum typified 
by aggregations of epidermal squames embedded on 
the surface of the amnion. The placental tissue 
itself was normal. 


Cases 2 and 3. No note was made in the macro- 
scopical examination of any abnormal appearance 
of the amnion. Retrospective microscopical exam- 
ination of sections of the membranes revealed the 
characteristic lesion of amnion nodosum. 


Case 4. The placenta was not submitted for 
examination. 


Radiological Report 


Radiological examination of the monomelic 
foetuses (Cases | and 2) revealed the single lower 
limb to consist of a femur and part of a tibia (Fig. 4). 





. Y Y 
Ei 
"S 
7 
` 


Fic. 4.—Radiograph of monomelic foetus showing lower extremity 
to be composed of a femur and part of a tibia. 


The other abnormalities included hemivertebrae of 
the dorsal spine. 

In the sirenomelic foetuses (Cases 3 and 4) there 
was fusion of the lower limbs with two femora and 
two deformed tibia (Fig. 5). No fibulae were 
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present, but there were irregular areas of ossification 
in the site usually occupied by these bones. There 
were no tarsal bones but a ‘bifid’ single foot with 
irregular metatarsal and phalangeal bones. 


Discussion 


Babies born with either sirenomelia or mono- 
melia are either stillborn or survive only a few hours. 
This fact was noted by Ballantyne (1904) and, 
although he was not clear as to the cause, he 
suggested that early death might be associated with 
the frequent absence of kidneys. 

In the present series of cases kidneys were entirely 
absent, and the pulmonary hypoplasia associated 
with renal agenesis was a constant feature. Kidneys 
were, however, noted in a report by Hendry and 
Kohler (1956), but it is interesting that there was 
in this case a complete atresia of the urethra. 
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Fic. 5.—Radiograph of sirenomelic foetus demonstrating fusion of 
the two lower limbs. 


The excellent illustrations of sirenomelia and 
monomelia by Ballantyne (1904), Foulkes and 
McMurray (1954), Hendry and Kohler (1956) and 
Jolly and Lamont (1958) show what is now regarded 
as the characteristic*facial appearance first described 
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by Potter (1946a and b) in association with renal 
agenesi. The illustrations of these authors also 
_ Show tne large flattened and clumsy appearance of 
the hands described by Bain and Scott (1960) in 
onnexioa with severe urinary tract dysplasia. 
though such features have not been generally 
recogn:zed as associated with sirenomelia and 
1onomelia, Fritzsche (1955) noted the presence of 
otter facies in a case of monomelia. 
-Refererces to the volume of liquor amnii are 
general y vague and there appears to be no definite 
observation of oligohydramnios. Obstetrical his- 
-o tories were obtained in three of the present four 
. cases. The salent points in these histories were a 
uterus smaller than usual for the expected period 
of gestation, membranes intact until the time of 
delivery, and no note of the escape of liquor amnii. 
~~ ‘These facts are highly suggestive of oligohydram- 
f . nios, bat proof of the absence of liquor was obtained 
E bý. placental examination. In three out of the four 
- cases the placentae were examined histologically and 
amnion nodosum was found to be present. As 
< Shown by Scott and Bain (1958) this lesion, which 
consists of plaques of epithelial squames on the 
surface of the amnion, is found only in association 
weAvith okgohydramnios. 

It is of interest that Resnick (1945) noted that 
hydramnios, usually expected in the presence of 
foetal malformations, was not present in association 
with sirenomelia. He quotes a case described by 

Bauereisen (1905). This was a twin pregnancy in 

ociaticn with hydramnios, one of the twins being 
a true sympodia and the other having anal atresia 
but showing absence of only one kidney. It is 

-highly probable that the hydramnios was in fact 
= limited tc the foetus with anal atresia. 
< Two out of the four present foetuses were deliv- 
ered as breech presentations. This abnormal 
_ presentation, frequently noted in previously reported 
cases, :$ knowr to be favoured by the absence of 
foetal micturition. 

Little is known as regards the aetiology of 
Sirenomelia or monomelia, but several theories have 
been put forward including the suggestion that 
oligoh¥dramnios is one of the causes. The oligo- 
hydramnios is cbviously secondary to an embryonic 
defect involving the foetal kidneys or urinary tract, 
and although it can account for the appearances 
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produced in the face and hands, it is unlikely to 
produce fusion of the lower limbs or monomelia. 
Absence of one umbilical artery has been cited as an 
aetiological factor on the assumption that it impairs 
blood supply to the lower limbs. However, 
absence of one umbilical artery is seen frequently 
in babies with varied congenital malformations and 
occasionally in apparently normal infants. The 
cause of these malformations could be either 
genetic damage or injury to the developing embryo 
by factors as yet unknown. 


Summary 


Two cases of sirenomelia and two of monomelia 
have been described in view of additional features 
not mentioned in previous reports. The Potter 
facies, large spade-like hands and pulmonary 
hypoplasia were present in all four cases. Examina- 
tion of the placentae in three cases revealed the 
lesion of amnion nodosum, a finding indicative of 
oligohydramnios. Oligohydramnios was in fact 
noted clinically in two instances. 

We conclude that severe urinary tract dysplasia, 
such as renal agenesis or complete urethral atresia, 
and its associated foetal and placental changes are a 
constant finding in sirenomelia and monomelia. 


We wish to thank Professor R. W. B. Ellis, Professor 
G. L. Montgomery and Dr. A. R. Macgregor for their 
helpful criticism. 

The photography was done by Miss C. Brydon. 
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THE ASSOCIATION OF 
SIRENOMELIA WITH POTTER’S SYNDROME 


BY 


J. G. BEARN 


From the Department of Anatomy, Middlesex Hospital, London 


(RECEIVED FOR PUBLICATION FEBRUARY 15, 1960) 


The Greeks considered congenital deformities to 
be of divine origin and eventually these monsters 
were thought to indicate a divine warning of some 
future calamity and the infant and even the mother 
were sacrificed to propitiate the gods (Glenister, 
1957). The sympodial deformity has been recog- 
nized from earliest times and may well have given 





Fic, 1.—The sciapod or shadow foot. This carving from a fourteenth 

century bench end in the nave of Dennington Church, Suffolk, shows 

a fused lower limb and a large foot with 10 toes. Unlike the true 
sympodial limb, the knees flex posteriorly. 
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rise to the myth of the siren. The legendary 
monster of the Lybian desert, the sciapod, or shadow 
foot, described by both Herodotus and Pliny 
(Fig. 1), may well have had a similar origin. This 
man used his foot as a sunshade when resting. 
Early writers showed a remarkable degree of wishful 
thinking and poetic licence in their descriptions of 
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Thomas 
Note the presence of mammary glands and webbed 


e hands. 


. ~ aw . 
Fic. 2.—The sympodial foetus described and illustrated by 
Bartholin. 
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the sympodial monster. Bartholin (1654) even 
reported mammary glands and webbed fingers in 
his cese (Fig. 2). 

Although the sympodial deformity is a rare 
condition a namber of cases have been reported in 
the literature, and the subject has been reviewed by 
Kamomeier (1927) and Hendry and Kohler (1956). 

The case described in this report shows the 
association of the abnormality with the syndrome 
described by Potter (1946) of renal agenesis, hypo- 
plasia of the lungs and a typical facies. This 
association does not seem to have been reported in 
any of the cases of sympodia described up to the 
present, although it is probable that the association 
is common. 

The anatomical and embryological aspects of this 
case have been described elsewhere (Bearn, 1960). 


; Case Record 
A sympodial foetus, stillborn, and fixed in formalin, 
was made available for study. 





FiG. 4.—The face of the sympodial foetus showing the features 
typical of Potter’s syndrome. 


Obstetric History. The mother was married, aged 
22 years and had given birth two years previously to a 
normal 40 week infant, which had died before the 
arrival of the midwife. During the second pregnancy, 
there was no history of any abnormality and no history 
of oligohydramnios was reported. Labour was at 40 
weeks and was uneventful, lasting six hours. She was 
group O, Rhesus positive. After the birth of the 
abnormal child, the blood of both the mother and father 
was again checked, and no ABO or other incompati- 
bility was found. 


External Examination. The specimen (Fig. 3) was a 
human foetus of indeterminate sex, with a 2nd degree 
sympodial deformity, weighing 2lb. loz. 

4 The face (Fig. 4) showed all the features first described 
by Potter (1946) in association with bilateral renal 
agenesis: flattening of the nose, recession of the chin, 
soft flat ears, with apparent absence of the cartilage, and 

i low positioning of the ears on the side of the head. The 

pty eyes showed a wide intra-ocular distance, and prominent 

l 7 epicanthic folds, forming a wide semicircle on each side 

of the nose and covering each medial palpebral com- 
? missure. 

FıG. 3.—The sympodial foetus showing the fused lower limb, with The CEREA: limbs and thorax were normal. : The pelvis 

10 toes, the two little toes fused and big toes on outer sides of foot. was reduced in size and no external genitalia could be 
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found. There was a blind pit dorsally at the lower end 
of the trunk which could have represented an imper- 
forate anus, otherwise no sign of an opening of the anus 
or urethra could be found. 

The lower limbs were joined together, the site of the 
fusion being along the post-axial borders of the limbs as 
far as the tips of the little toes. The soles of the feet 
faced anteriorly. Ten toes were present, the two outer- 
most toes being the big toes, and the two little toes being 
partially fused together in the midline. The two patellae 
were felt on the postero-lateral aspect of the knee, and 
the joint could be flexed anteriorly. 





Fic. 5.—Radiograph showing the double skeleton of the single limb, 
with the fibulae lying internal to the tibiae. 


Radiological Examination of the Lower Limb. The 
radiograph showed no abnormalities in the upper limbs, 
head and trunk (Fig. 5). Six lumbar vertebrae and the 
first two pieces of the sacrum were present, the remaining 
three pieces and the coccyx being absent. The ilium 
was present on each side, and the pubis was represented 
by a fused midline bone. The radiograph of the fused 
limb showed the presence of both femora, and both 
tibae and fibulae, their relative positions being reversed. 
Two tarsal bones, and the metacarpals and phalanges, 
were present. 


The internal structures of the 
The heart was normal, 


Internal Examination. 
head and neck were normal. 
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but the lungs were markedly underdeveloped and failed 
to fill the thoracic cavity, this hypoplasia being more 
marked on the left side, and the pleural cavities were 
filled with fluid. The size of the thoracie cavity was 
normal. The alimentary tract was normal as far as 
the rectum, which ended as a blind stump. The liver, 
spleen and pancreas were normal, the left adrenal only 
was present, and was flattened antero-posteriorly 
and the kidneys and ureters were absent except for a 
small mass on the left side below the adrenal gland, which 
was shown histologically to contain some renal tissue. 
The pelvic cavity was very shallow and contained none 
of its normal contents. The urogenital tract was absent 
and the external genitalia could not be found. The 
testes were present in each iliac fossa. Only the right 
umbilical artery was found. 


The Skeleton and Musculature of the Pelvis and Lower 
Limb. The main muscle groups of the pelvis and the 
fused limb were all present and with very few exceptions, 
even the individual muscles of each group could be 
identified. The muscles of the gluteal region were 
present and were in their normal positions, the greater 
trochanters being in a more posterior pesition than 
usual. These two regions were in much the same 
relative positions as in the normal foetus. The upper 
two-thirds of the thigh showed only a partial reversal 
from the normal position, and each patella was identified, 
on the postero-lateral aspect of the thigh. From the 
knee joints downwards, the limbs showed a complete 
reversal of position, and flexion of the knee joint was in 
an anterior direction. The tibia and fibula en each side 
were reversed, the two fibulae being adjacent to each 
other on the internal aspects of the tibiae. The femoral, 
obturator and sciatic nerves were identified in each limh 
supplying their respective muscle groups. The details 
of the muscles and skeleton have been reported in an 
earlier paper (Bearn, 1960). 


Discussion 


The condition of sympodial foetus is most 
uncommon. Ballantyne (1898) collected only 120 
cases in the literature; Kampmeier (1927) collected 
51 more cases, including one of his own. Since 
then occasional reports of individual eases have 
appeared in the literature: Dreyfuss (1928), Newbill 
(1941), Resnick (1945), Dodek and Friedman (1950), 
Potter (1952), Foulkes and McMurray (1954), Jones 
and Lee (1955), Hendry and Kohler (1956), Jolly 
and Lamont (1958). 

Sympodial foetuses are classified mto three 
degrees, depending on the completeness of the 
fusion of the two limbs, Forster (1861, 1865). 


(1) Symelia apus. No feet are present, the limbs 
are completely fused into one single limb. 
One femur and one tibia are present. 


(2) Symelia unipus. One foot is present, this 
being a partial fusion of the two feet. Up to 
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æn toes may be found, the little toes being 
“used together and the plantar surface of the 
“oct facing anteriorly. Two femora and two 
«biae and fibulae are present, the latter bone 
seing medial to each tibia. The main muscle 
aoe groups can usually be identified. 

(3) Symelia bipus. Two feet are present, giving 
che appearance of fins—hence the name 
‘mermaid’ foetuses for this abnormality. The 
‘usion of the limbs extends only as far as the 
ankles, and the muscles of the two limbs are 
all present. 


The position of the fused limb in this condition is 
of great embryological interest, as it demonstrates 
a persistence of the early foetal unrotated position 
of the Emb. The normal lower limb undergoes 
internal rotation, so that the post-axial border and 
digit of the little toe become lateral and the ventral 
_ Surface faces posteriorly. In the sympodial deform- 
ity the developing limb buds are fused from the 
start along their post-axial borders and rotation is 
therefore impossible. 


¢ Causation of the Sympodial Deformity. This has 
been discussed in detail elsewhere (Bearn, 1960). 
Bolk (1899) and Ballantyne (1904) both suggested 
that the defect was primarily a failure of develop- 
ment of the caudal segments at a very early stage 
before the limb buds form. Wolff (1936) has 
goroduced the sympodial deformity in the chick by 
destreying the caudal end of the early embrvo with 
x-rays. This work of Wolff (1936) confirms experi- 
mentally the suggestions that the primary defect in 
the sympodial deformity is one of the caudal region 
of the embryo, but how this defect is produced in the 
early human embryo is not known. The defect 
must also involve the presumptive area for the 
urogenital tract, as these structures including the 
kidney do not develop in the human monster. 


o The Association of Sympodia_ with Potter’s 
Syndrome. The face of this foetus (Fig. 4} shows 
all tre characteristics, first described by Potter 
(194€), found in cases of renal agenesis. ‘The most 
striking feature consists of an increase in width 
between the eyes and the presence of an unusually 
prominent fold arising at the inner canthus of each 
eye. The fold sweeps downward and laterally to 
form a wide semicircle under the inferior medial 
aspect of each orbital space. Other changes . 

are a flattening and slight broadening of the nose, an 
unusialy receding chin and large low-set ears 
= whica have proportionately little cartilage.’ Al- 
<> though this facies has not been reported in any of 
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the papers on sympodia published since Potter's 
paper in 1946, it is likely that most sympodial 
foetuses show these features, in view of the usual 
absence of renal tissue in this deformity. In the 
paper by Hendry and Kohler (1956) Fig. 6 shows 
some of the features of this facies, and in the paper 
by Jolly and Lamont (1958) Fig. | shows most of 
the characteristics, including the epicanthic fold. 
However, the specimen described by Jones and Lee 
(1955), now preserved in the Anatomy Department 
of the Middlesex Hospital Medical School, shows a 
normal facies in spite of complete absence of renal 
tissue. Hilson (1957) has shown that abnormalities 
of the ears, somewhat similar to those seen in 
Potter’s syndrome, occur in other malformations 
of the urinary tract, such as bifid ureter, or absence 
of one kidney. 

It is not yet possible to explain the association 
of the typical facies described by Potter (1946) 
occurring in renal agenesis and in cases of sympodia. 

It is possible that the peculiar facies may be 
explained by the compression of the head by the 
uterine wall, secondary to the oligohydramnios which 
is usually present both in sympodia and in cases of 
renal agenesis without gross abnormalities of the 
lower limbs. 

The flattening of the nose, the receding chin and 
the flattened maipositioned ears could all be due toa 
mechanical pressure effect on the developing head. 

The presence of oligohydramnios was not reported 
in the obstetric history of this patient, although it is 
often noticed in both sympodia and renal agenesis, 
and it is probable that there is a direct relation between 
the renal agenesis and the oligohydramnios. Browne 
(1955) believes that oligohydramnios with compres- 
sion of the foetus is a factor in the development of 
club foot deformity. For example, Davidson and 
Ross (1954) described six cases of Potter’s syndrome, 
all of which had club foot. Although mechanical 
pressure of the uterus may well explain the club foot 
deformity associated with renal agenesis and oligo- 
hydramnios, there are no grounds for believing that 
the gross deformity of sympodia could be a conse- 
quence of these conditions. 

Potter (1946) also described for the first time the 
hypoplasia of the lungs which occurs in renal 
agenesis. This foetus showed the hypoplasia to a 
marked degree, the left lung filling only a fraction 
of the cavity. Again, recent reports on sympodia 
do not discuss this point, although Jolly and Lamont 
remark that the lungs in their case ‘were poorly 
expanded’. It is again likely that the examination 
of most cases of sympodia with this point in view 
would reveal the abnormality. It is not possible 
to explain the failure of development of the lungs on 
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mechanical grounds, as the thoracic cavity was 
normal in size. The reason for the hypoplasia 
remains obscure. 

The absence of the kidneys explains the large 
flattened appearance of the adrenal gland found 
in this case and reported in most cases of 
sympodia, and also by Potter (1946) in her cases of 
renal agenesis. The development of the kidneys 
presumably moulds the adrenals into their charac- 
teristic shape in the normal foetus. 

The observation that all sympodial monsters have 
but one umbilical artery is a curious finding. In 
this case it was the right umbilical artery which 
persisted, although both Ballantyne (1904) and 
Kampmeier (1927) found, in their cases, that the 
artery within the umbilical cord was a persistent 
vitelline artery. 

The sex of this foetus is. male, and all collected 
series show a predominance of this sex. Kamp- 
meier (1927) found 38 males out of a series of 52 
sympodial monsters, and Potter (1952), in her series 
of renal agenesis, found a majority of males, only 
four out of 26 being female. 


Summary 


A case of sympodia is described, showing a 
second degree deformity (Symelia unipus). 

The association of this deformity with Potter's 
syndrome, the typical facies, aplasia of the lungs and 
renal agenesis, is described. 


I am indebted to Professor E. W. Walls for help in the 
preparation of this paper, to Dr. 1. Mackenzie for making 
this foetus available for study, Mr. P. R. Runnicles for 
taking the photographs and to Dr. M. E. Carruthers 
for help with the dissection of the foetus. 
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Addendum 
Since this paper was prepared Bain and Scott (1960) 
have published a series of 50 cases with renal agenesis 
and other forms of severe urinary tract dysplasia. They 
report that seven of these had gross defects involving the 


caudal end of the foetus such as spina bifida or 
sirenomelia. 


A case of sympodia. 


Sirenomelian monster (sympus). An 
Amer. d. Dis, Child., 62, 1233. ` 
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FAMILIAL THROMBOCYTOPENIA, ECZEMA AND 
INFECTION 


RONALD R. GORDON 
From the City General Hospital, Sheffield 


(RECEIVED FOR PUBLICATION JUNE 22, 1959) 


-. In 1954 Aldrich, Steinberg and Campbell described 


~afamily, originally of Dutch extraction, in which the 
. male infants were liable to die at a young age having 


3 


shown signs of ‘draining ears, eczematoid dermatitis 


and blcocy diarrhoea’ from the age of a few weeks. 
They triefiy described the clinical features in one 
child wio-was a member of this family and who died. 
hey west on to show quite clearly that if the 


» condition which had killed previous male members 


of the family was the same (as the family itself 
maintaned) then it must have been genetically 
determ:ned. Since it affected only male members 
of the family and only some of them, they concluded 
that the condition must be due to a sex-linked 


“recessive gene which was passed down through the 
females to the males (in the same way as haemo- 
-philia and pseudo-hypertrophic muscular dystrophy). 
-They showed, too, that in the last three generations 
l 16 out of 40 males had been affected and had died 
within “he first 31 months of life. 
=- of the genetic basis of the condition in Aldrich’s 
family aas been produced more recently by Krivit 
-. and Geod (1959), who report that the two females 

= who appear to carry the gene at the moment, and 


Further evidence 


are reproducing, . ‘have produced eight. children. 
_ betweem them since Aldrich’s paper was published. 


Two of them are girls and are normal, while six of 
< them ase boys, three of whom have been affected by 
. the condition, 
“were dwe to a sex-linked recessive gene. 
quite definite therefore that in the family described 


This is what one would expect if it 
It seems 


by Ald-ich the condition is genetically determined 


-in this way. 


Meanwhile Huntley and Dees (1957) have des- 


_. cribed other white families in which the same 
-condition appears to have been present, and Wolff 
~ and Bectucio (1957) have descrited it in a Negro 
` ne à family. 





F duntley and Dees contributed considerably 


lap 


towards determining the clinical picture and they 
described the main features as being ‘eczema 
associated with thrombocytopenic purpura and 
purulent otitis media’. They described five cases, 
all of whom died. In only two of these cases, 
however, was the genetic nature of the condition 
at all conclusive. These two cases (1 and 2 in their 
series) were brothers. In their Case 3 no family 
history was obtainable and in their Case 4 the child 
was adopted and no family history was available. 
In Case 5 there was a suggestive but unconvincing 
family history. 

Although Wolff and Bertucio reported their Negro 
family in 1957, it was only briefly, and further 
details do not seem to have been published. It is 
possible therefore to include their family as one in 
which the abnormal gene is carried, but it is not 
possible to include the individual cases of the family 
in this review since full details are not available. 

Very recently Mills and Winkelmann (1959) have 
reported a further three cases in two families. 
Again all the children were male and there was a 
strong family history in all of them. Two of them 
were cousins. All three have died. 

To date, therefore, seven* families have been 
reported, who seem to carry this abnormal gene, and 
full details are available of 16+ cases, some of whom 
do not have a positive family history but are clinic- 
ally identical with those who do. All 16 were males 
and all are dead. 

The object of the present communication is to 
report two cases in an English family which also 
seems to carry the abnormal gene. One has died 
and the other is still alive. 
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* Aldrich (1): Hundey and Dees (1); Krivit and Good (2); Wolff 
and Bertucio (1): Mills and Winkelmann (2). 

+ Aldrich (1); Huntley and Dees (5); Krivit and Good (7); Mills 
and Winkeimann (3), 
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Case Reports 


Case 1. Patrick G. (54/23984/G) was born on 
September 30, 1949. 


First ADMISSION. On November 2, 1950, at the age 
of 14 months, he was admitted because of infantile 
eczema dating from the age of 4 months. This had 
affected mainly the head, arms, legs and neck. It had 
also been observed from the age of 4 months that he had 
a bleeding tendency and that unexplained bleeding had 
occurred from the nose, ears and gums. This was 
especially noted by the mother since she had had a 
brother who was said to have suffered from haemophilia 
and who died of pneumonia at the age of 1 year, in 1933. 

The reason for Patrick’s first admission was that some 
areas of the eczema had started to weep, the serous 
discharge being bloodstained, and that he had in addition 
many petechiae and ecchymoses. 

The eczema responded well to the dermatologists’ 
treatment but the purpura continued to appear and was 
shown to be related to a thrombocytopenia which (with 
the exception of one count) persisted until a splenectomy 
was performed three years later. The eczema, however, 
tended to improve and Fig. 1 shows only a quiescent 
eczema of the ankle, since it was taken primarily to show 
the purpura. He constantly had similar eczema behind 
the ears and inconstantly on the face. 
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Fic. 1.—Case XVII. Patrick G. Shows severe ecchymoses and 
flexural eczema at ankles. 
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The only drug which the child had had before admis- 
sion was phenobarbitone (for the irritation of his eczema), 
and withdrawal of this led to no improvement in the 
purpura. 

During the first and subsequent admissions numerous 
references were made in the notes to the ease with which 
he picked up infections. He was febrile on many 
occasions, sometimes without any satisfactory explana- 
tion being found; on others he had recurrent otitis 
media, pyodermia, diarrhoea and respiratory infections. 

On December 18, 1950 he was discharged home with a 
quiescent eczema but with an active purpura and throm- 
bocytopenia. He was somewhat anaemic at this stage 
(Hb 9 g.%) and was given a course of oral iron. His 
white cell count was 11,000/c.mm. and remained normal 
throughout except for the polymorph response during 
the acute infections. 


SECOND ADMISSION. He was re-admitted on April 21, 
aged 19 months, with a recrudescence of his eczema. 
His platelet count was 178,000/c.mm. (the only normal 
count obtained before splenectomy), but this rapidly fell 
again to a low level and the purpura (which had never 
really been absent) persisted. At this stage a marrow 
puncture was performed and was reported as showing 
‘plenty of platelet-forming megakaryocytes’. 

On July 11, 1951 he was discharged for the second 
time, again with quiescent eczema but still thrombo-* 
cytopenic. ; 


THIRD ADMISSION. He was re-admitted on August 22, 
1953, aged 3 years 11 months; the eczema was still 
quiescent but he had discharging ears, impetigo, bleeding 
gums and profuse purpura. His platelet count was still 
low. Once again the skin lesions cleared, and on this 
occasion he was given A.C.T.H. 25 mg. b.d. for 10 days 
(the ‘ration’ which was available at the time). Since the 
platelet count showed no response further supplies were 
not requested. 

In view of the fact that this child was known to haw 
had thrombocytopenia of severe degree for over three 
years without remission (other than for one count), it 
was felt that splenectomy was indicated and this was 
performed on December 7, 1953 (Mr. F. J. P. O°Gorman). 
There was an immediate rise in the platelet count, which 
at one time went to over 600,000/c.mm. and then stabil- 
ized at a normal level and remained normal till (at least) 
four days before he died. In association with this there 
was a complete disappearance of his purpura and 
bleeding tendency until the final illness. On January 14, 
1954, he was discharged for the third time. 


FOURTH ADMISSION. On January 26, 1954, 12 days 
after his third discharge, he was admitted as an emergency, 
having been gravely ill for 24 hours. He was uncon- 
scious with a low B.P. (55/0) and no fever. In spite of 
this the clinical condition seemed to be compatible with a 
septicaemia and he was treated accordingly. He pro- 
ceeded to develop a pneumotoccal meningitis and 
responded well to treatment. Once this was stopped he 
relapsed, and this tinte the meningitis was said to be 
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staphy‘oceccal in origin. This also 
responded satisfactorily to treatment. 

He was discharged home for the fourth 
time on April 4, 1954. His platelet count 
was stil normal and it had been established 
that he did not have agammaglobulinaemia. 


FirTa ADMISSION. This was on July 5, 
1954 fer dental extractions which proceeded 
without incident. 

When seen in the out-patient department 
on October 1, 1954, he was found to be well 
and wthout purpura. His platelet count 
was 228.000/c.mm. 


SIxT4 ADMISSION. He was admitted as 
an emergency on October 5, 1954, aged 
5 years, having been ill for only 12 hours 
with symptoms similar to the illness of his 
fourth admission, but his condition had 
deteriorated very rapidly and on admission 
he was moribund. At autopsy he had 
bilatere] adrenal haemorrhage of the kind found in the 
Waterhouse-Friderichsen syndrome. No proof of a 
septicaemia was obtained on this occasion. 


SUMMARY. This boy showed signs of infantile eczema 
and purpura from the age of 4 months. A maternal 
‘uncle Fad suffered from a bleeding tendency and had 
died of pneumonia at the age of | year. The present 
patients eczema persisted but tended to improve as the 
years went by; his purpura was associated with thrombo- 
cytoperia and they both persisted until splenectomy was 
performed at the age of 4 years 2 months. Thereafter 
the platelets rose to a normal level and the bleeding 
tendency disappeared. He had always tended to show 
signs of minor infections but some weeks after splenec- 
tomy he developed pneumococcal septicaemia with 
mening tis and then relapsed with a staphylococcal 
mening tis. He responded well to treatment. At the 
se of £ years, 10 months after splenectomy, he still had 
a normal platelet count, but five days later he was 
admitted moribund having been ill for only 12 hours 
(again with symptoms suggestive of septicaemia) and he 
died shortly afterwards. Autopsy showed massive 
bilatera adrenal haemorrhage. 


Case 2. Christopher G., brother of Patrick, was born 
on August 31, 1957. 


Between the births of these two children (see the family 
tree in “ig. 2) a boy and a girl had been born, both of 
whom are perfectly healthy and show none of the 
manifes ations of the condition. 

Chris apher was also thought to be normal until he was 
3 montts eld when the family doctor (Dr. E. D. Forster) 
noted that he had petechiae on the neck (Fig. 3). At 
4 montis he was admitted for investigation and by that 
time he had some eczema behind the left ear although 
his eczema never became so severe as Patrick’s. On 
admissien he had a definite thrombocytopenia as a cause 
of his purpura and his ability to*pick up infection was 

’ 


261 


"D 
& 
V 


O FEMALE fe) MALE-DIED YOUNG 
O NORMAL MALE W AFFECTED MALE 


Fic. 2.—Shows G. family history as far as it can be constructed at the moment, 


also demonstrated during his stay in hospital since he 
developed furunculosis, pyuria and frequent bronchitis 
but never otitis media. It was established that he also 
did not have agammaglobulinaemia and his white count 
throughout was normal. 
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Fic, 3.—Case XVIII. Christopher G. Shows purpura on neck and 
minimal changes of eczema behind ear. 
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Marrow puncture was performed and reported as 
showing ‘adequate megakaryocytes present but reduced 
platelet formation’. 

Attempts to stimulate platelet formation by means of 
A.C.T.H. and. prednisolone were only temporarily 
successful. In view of our experience with Patrick after 
splenectomy it was decided that this operation was not 
indicated in Christopher's case so he was discharged 
home, still with a low. platelet count. 

He has remained well since, apart from frequent 
respiratory infections during: the winter months, and he 
is now a well developed toddler who still gets occasional 
crops of petechiae but whose eczema is well healed. 

Summary. Christopher G., brother of Patrick, had 
_petechiae at 3 months and slight eczema at 4 months. 
He has always been liable to pick up infections. He has 
thrombocytopenia which only temporarily responds to 
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A.C.T.H. and steroids. He. bee ‘not have agamma- 
globulinaemia. He is now (April, 1960) a healthy 
child with occasional petechiae and recurrent fespira- 
tory infections. 


Charts showing the changes in the platelet counts 
in response. to A.C.T.H., prednisolone and splenec- 
tomy in the two brothers are shown in Figs. 4 and 5. 

Table | shows the main features in the 18 cases 
described so far. All the cases showed eczema but 
this was of variable severity. 

All the cases showed purpura and, except for 
Case VIII, they all showed persistent thrombocyto- 
penia, too. In Case VII only one count was done 
and it was normal, but this may well have been a 
temporary spontaneous rise such as cccurred in 





DIED SUDDENLY © Fig. 4.—Shows platelet level over four 

years of Patrick G. with absence of 

response to a small dose of A.C,T.H, 

and dramatic response to splenectomy 

which was maintained until at least four 
days before his sudden death. 
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Fic. 5.—Shows platelet level over six 
months of Christopher ©. There. is. scones! 


absence of response to prednisolone (P) 
(158 mg. over 46 days) and only partial 
response to A.C.T.H, 
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Cases with strong family histories in Roman numerals, those without in Arabic. 


Patrick. The thrombocytopenia is very important 
diagnostically since it is the only positive laboratory 
finding which occurs as an essential part of the 
syndrome. 

Infectien of one kind or another occurred in all 
the cases end was responsible for at least 11 of the 
deaths which have occurred. It should be noted 
how frequently otitis media has been present but 

this is elmost certainly a reflection of these children’s 
_ poor resistance to infection rather than of any 
+ specific defect in their middle ears. 
a orice the family history is so important cases 
with a strongly suggestive family history have been 
_ numbered in Table | differently from those without. 
The two cases recorded in the present communica- 
_ tion, apart from being brothers, had an uncle who 
died in infancy apparently from the same condition. 
_ The mother of that child, i.e. the grandmother of our 
"two cases, is alive and has given a detailed account 
_. Of him He died of pneumonia at the age of 1 year 
(1933) but before then she was told by the family 
_ doctor that he suffered from ‘haemophilia’. This 
was because he bled very easily and he frequently 
came cut in ‘large bruises just like Patrick's’. The 
rest of the family history (Fig. 2) shows that two 
other male children died young but there was no 
evidence to show that they had either a haemor- 
_rhagic tendency or eczema. 
Unfortunately no further family history is avail- 
© able since the grandmother, Mrs. T., went to New 
Zealand as a child (her parents having died) and 
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S ) 7 f Case I is Aldrich’s original case; Case XII 
v Kriva aad Good's follow-up of Aldrich’s family; Cases H-6 are those of Huntley and Dees: Cases VII-XI are those of Krivit and 
Good; Cases XIV-XVI are those of Mills and Winklemann; Cases XVH and XVII are described in the present communication. 
We have not been able to trace details of Wolf and Bertucio’s family. 
»«deeth from haemorrhage; I--death fom infection; A-=alive. 


she has completely lost touch with her mother’s 
family. She thinks that her mother had some 
sisters but does not know where their descendants 
might be. 
Discussion 

Although the various clinical aspects of this 
condition occur separately, and some of them quite 
commonly, it is unusual for them all to occur in one 
individual and certainly in members of the same 
family. Long before we read the original papers 
on this subject we had decided that this was an 
unusual family. There are four main features of 
the condition and they will be discussed separately. 
In each case the patient has been a male and the 
symptoms have appeared within the first six months 
of life. 


Thrombocytopenia. This has led to the most 
common symptom, namely, bleeding. This includes 
purpura, epistaxis, ‘bloody diarrhoea’, haematuria, 
bleeding gums and cerebral haemorrhage, in fact 
any of the manifestations of bleeding which occur 
with thrombocytopenia at any age. Six of the 17 
deaths appear to have been due to haemorrhage but 
in two of these (including Patrick) the haemorrhage 
was into the adrenals and may have been secondary 
to a fulminating septicaemia. 

The cause of the thrombocytopenia in these cases 
is no clearer than it usually is in ‘essential thrombo- 
cytopenia’. There are certainly adequate numbers 
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of megakaryocytes present in the bone marrow so 
that either they do not produce enough platelets or 
the platelets they do produce have a shorter life 
than normal. The latter could result either from a 
defect in the platelets themselves or from the 
presence of a platelet-agglutinating antibody. No 
evidence of such an antibody was found in two of 
Krivit and Good’s patients and, in any case, if the 
condition is genetically determined some congenital 
defect in the production or formation of platelets 
seems more likely than excessive destruction of 
normal platelets. 

We do not even know yet whether the condition is 
congenital or not. Since the only part of the 
syndrome which is likely to be present at birth is the 
thrombocytopenia, it will be necessary to do platelet 
counts on the cord blood of future infants born to 
the affected families. Although Case XIV is shown 
as having symptoms from birth, this information 
was based on the mother’s history and not on 
observation. 


Eczema. This appears to be identical with the 
usual infantile eczema except that in certain cases 
bleeding has occurred into the eczematous areas. 
The severity of the skin lesions has varied from time 
to time even in one patient and has varied consider- 
ably from one patient to another. Even in our two 
brothers the eczema was more severe in Patrick 
than in Christopher. Mills and Winkelmann (1959) 
point out that the eczema is the least specific of the 
clinical features in these children and we agree 
with this. 


Liability to Infection. This is the most difficult 
part of the syndrome to define, since, of course, 
most infants in the first year of life are liable to pick 
up infections. The infections which these affected 
babies have are of the usual variety and include 
pyodermia and respiratory infections in addition to 
the otitis media which has occurred in nearly every 
case. It is characteristic of these children, too, that 
they run fevers for which no satisfactory explanation 
can be found. It can be seen from Table 1 that a 
considerable number die from infections in spite 
of antibiotic therapy. This has occurred in those 
on whom splenectomy has not been performed 
(Cases 4, 9, 11, 12, XUI, XIV, XVD as well as in 
those whose spleens have been removed (Cases LI, 
HI, 6, XV, 2X VID. It is well known that King and 
Shumacker (1952) and Smith, Schulman, Stern and 
Erlandson (1956) have suggested that splenectomy 
in young children may be followed by death from 
fulminating infection. In Smith’s series this occur- 
red in 28° of his 50 patients who had had splenec- 
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tomy performed under the age of 2 years for any 
reason at all, including trauma. In spite of the fact 
that there is evidence against this contention 
(Gofstein and Gellis, 1956) as well as in favour of it, 
we felt that splenectomy should not be undertaken 
in Christopher. Krivit and Good (1959) are also 
of the opinion that there is an increased liability 
to severe infection after splenectomy. They were, 
however, unable to find any alteration in known 
immune mechanisms in two of their cases on whom 
intensive investigations were performed. In all 
cases on whom gamma globulin estimations have 
been performed it has been found to be present 
in normal amounts, and the white cell counts have 
also been normal. There is therefore no explana- 
tion for the liability of these infants to infection. 


Family History. There have now been reported 
eight families showing both the clinical features of 
Aldrich’s syndrome and the family history, which is 
strongly suggestive of its genetic basis. In the other 
cases all the affected children have been males but 
there has been no clear-cut history of the condition 
occurring in other male relatives. Since it was the 
genetic basis of the condition which Aldrich laid 
down, it seems wise to limit the syndrome bearing 
his name to those cases in which there seems to be a 
reasonable certainty that, in addition to occurring 
in males, it has been genetically determined by a 
sex-linked recessive gene. 

It is, of course, often found that conditions such 
as infantile eczema are familial, and they are often 
thought to indicate a familial tendency to allergy. 
Thrombocytopenia, too, is often thought to have 
an ‘allergic’ basis and it is not surprising that 
American writers have concentrated on the possibi.. 
of one allergic factor being responsible for both 
parts of the syndrome. Although in certain cases 
true allergic responses have been obtained, there 
does not appear to be any clear-cut evidence that the 
symptoms are due to any specific antigen-antibody 
reaction. Following the usual British practice at 
the present time, skin reactions, etc. were not 
performed on either of our two patients so that 
information on this point is not available. 

As with all familial conditions, the parents and 
relatives all worry about what is likely to happen 
to future children who are born into the family. 
Once the genetic basis becomes clear, as we believe 
it has in this syndrome, it becomes easier for the 
physician to give the family the facts, as far as they 
are known, and this can reassure the relatives 
considerably even though they realize that half of 
the further male children may be affected. 

It is customary,’ whenever someone is writing 
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- about a relatively new syndrome, to say that cases 
-vare likely to be found more frequently in the future 
<. once people start looking for them. This is not 
cely to happen to any great extent in Aldrich’s 
ndrome since, although other families will prob- 
ly be described, it is unlikely that they are at all 
umerous: The importance of the syndrome lies 
ore in the fact that it is a newly recognized disease 
ocess due to asex-linked gene, and the components 

e syndrome all occur fairly commonly as separate 










Summary 

further family is reported which seems to suffer 
m Aldrich’s syndrome. 

~The syndrome consists of thrombocytopenic 
“purpura, eczema and infection occurring in male 
infants and leading eventually to death from 
“haemorrhage or infection. It is genetically deter- 
< mined and is due to a sex-linked recessive gene. 

-> Jt has not yet been shown whether or not the 
= condition is congenital. 
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Bauer (1954), in reviewing 60 cases of hypothala- 
mic syndrome reported at all ages in the literature, 
named the principal signs in descending order of 
frequency as precocious puberty, hypogonadism, 
diabetes insipidus, psychic disturbances, somno- 
lence, obesity, thermodysregulation, emaciation, 
convulsions, sphincter loss, bulimia, anorexia and 
dyshydrosis. Some of the above signs are clearly 
due to abnormal secretion by the pituitary gland, 
and those specifically resulting from a deficiency of 
adrenocorticotrophic hormone might be expected 
to respond to replacement therapy since the value 
of corticotrophin (or of cortisone) is well established 
in the prevention and treatment of hypopituitary 
coma (Caughey, 1958). The pituitary gland is 
under the control of the hypothalamus and it is not 
clear whether certain signs are due purely to hormone 
deficiency or to direct interference with the hypo- 
thalamic vegetative centres; this applies to distur- 
bance of appetite and body weight, mental alertness 
and body temperature. Damage to hypothalamic 
centres by an astrocytoma causes emaciation and 
increased appetite in the syndrome described by 
Russell (Russell, 1957; Kagan, 1958); these symp- 
toms do not respond to corticotrophin in spite of 
other evidence of depression of pituitary function. 
Damage to the vegetative centres probably also 
explains the failure to respond to corticotrophin or 
cortisone in some cases of collapse following 
operation in the hypothalamic region (Northfield, 
1955). 

We now report four cases of hypothalamic 
syndrome in whom a stuporose state responded well 
to treatment with corticotrophin, which suggests 
that the underlying cause might be anterior 
pituitary deficiency rather than damage to the 
vegetative centres. Anorexia and wasting, which 
accompanied the stuporose state in two of the cases, 
also responded to corticotrophin. A space-occupy- 
ing lesion at the base of the brain was accompanied 
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in all these cases by an endocrine disturbance, in 
three cases by diabetes insipidus and in one by 
precocious puberty. 

The four cases came under the care of Mr. 
Wylie McKissock at The Hospital for Sick Children, 
Great Ormond Street. 


Case Reports 


Case 1(R.S.). At the age of 94 years this boy hada 
convulsion with residual weakness of the left arm. Two 
and a half years later he developed diabetes insipidus. 
He was admitted to The Hospital for Sick Children, 
Great Ormond Street. After air studies had been 
carried out it was concluded that there were intracranial 
lesions in the right frontal and pineal regions. A large 
port-wine naevus over the right forehead indicated that 
cerebral angiomata were probably present. During the 
next year the patient became progressively listless. 
Papilloedema developed and a further ventriculogram 
carried out in Sweden confirmed multiple intracranial 
lesions (Professor Olivecrona). The basal met i 
rate was found to be minus 34 percent. Thyroid extract 
effected an improvement. Eight months later he was 
readmitted to The Hospital for Sick Children, Great 
Ormond Street, having beer. doubly incontinent for a 
month. His fluid intake, previously high, was estimated 
to have gone down to approximately one litre daily and 
he was refusing food. He was found to be in a grossly 
wasted, stuporose and apathetic state. He was hypo- 
thermic (oral temperature 95° F, (35° C.)) and the blood 
pressure was 60/40 mm. Hg. The urinary 17-keto- 
steroid excretion was 1-2 me./24 hours and the 17?-hy- 
droxysteroids were 2-7 mg./24 hours.* The blood chole- 
sterol was 98 mg. per 100 mi. A glucose tolerance test 
gave the following figures: fasting 82 mg., and then at 
30-minute intervals after an initial 50 g, of oral glucose, 
91, 132, 176, 252 and 169 mg. per 100 mi. Plasma 


* In our laboratory the normal range for 17-ketosteroids for 
children of 9 to 12 years is 1+ t-9*% mg./24 hours. mean 3-8 mg./24 
hours: and for 1?-hydroxysteroids, p 0-8-2 mg J34 hours; mean 
3-8 mg /24 hours. ki 
+ 


fluid intake was raised to 3} 1. 
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electrolyte values were all increased; the plasma sodium 

was 156 mEq./L, the plasma potassium 5-9 mEq./l. and 
- the plasma urea 137 mg. per 100 ml. 
i PROGRESS AFTER CORTICOTROPHIN. Replacement ther- 
apy was started with corticotrophin 20 mg. b.d. The 
daily to counteract 
hyperzlectrolytaemia, but pitressin was not given at this 
stage. The calorie intake was kept at approximately 
2,€00 calories, using a fortified dried milk preparation 
with added vitamins (Complan). During the next two 
days the patient became more alert, his oral temperature 
rose -O normal and the blood pressure increased to 
130/70 mm. Hg. There was a good eosinophil response 






<. to the first dose of corticotrophin with a fall from 238 to 
= 128 per camm. in four hours and subsequently to 40 per 


emm. The urinary 17-ketosteroids rose steadily to 
9-3 mg./24 hours, and the 17-hydroxysteroids to 25-4 
mg./24 hours. Corticotrophin was then cut down by 
Stages ta 5 mg. daily and on this dosage the patient's 
condition remained greatly improved. The output of 
urine was now 2-3 1. daily. The hyperelectrolytaemia 
remained unchanged. The fluid intake was therefore 
increesed to 5 |. daily and pitressin was started in a 
dosage of I umt daily. Four days later the patient 
rapid y became disorientated and then comatose. It 
was thought that this was probably due to overhydration. 
Intravenous saline was given, followed, as he improved, 
‘by sodium chloride orally and D.O.C.A. 5 mg. daily by 
injection. Subsequently he began to lose salt through 
the kidney, and sodium chloride by mouth and B.0.C.A. 
were relatively ineffective in maintaining the plasma 
sodium chloride level in equilibrium. It was thought 
that a eerebral salt-wasting syndrome had developed, 
though the possibility of salt loss induced by over- 
hydration could net be excluded. Two months later a 
ventr-ciuiogram was done with a view to a subsequent 
brain biopsy. Two hours after ventriculography the 
patiest became profoundly unconscious and there was an 
abrupt fall in the excretion of sodium. This collapse 
see presumably due to damage to the vegetative centres. 
“He deed in coma two weeks later. 

At autopsy (Dr. Martin Bodian) the diagnosis of 
cerebral angiomata was confirmed. The hypothalamus 
was mvoived by an angioma but this was not invading 
the ptutary gland. 








COMMENT. In this boy with a cerebral angioma 
involving the hypothalamus, improvement in alert- 
ness, weight and appetite showed that cortico- 
trophin had been of benefit. Long-standing dia- 
betes msipidus later became complicated by a 
galt-losing syndrome and further damage to the 
vegetative centres led to coma and death. 


Case 2(M.H3. This girl, aged 104 years, had a year’s 
history of lethargy, poor appetite and loss of weight, 
with headaches and vomiting for six months. The child 
~ was admitted to The Hospital for Sick Children, Great 
 Ormend Street, where ventriculography showed a supra- 
~ gellar space-occupying lesion largely blocking the third 
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ventricle. She was transferred to the National Hospital 
for Nervous Diseases, Queen’s Square, where an inoper- 
able suprasellar tumour was found and was implanted 
with radioactive gold seeds. Post-operatively she 
developed a right hemiparesis. She became very drowsy 
and the blood pressure fell to 70/50 mm. Hg. Next day 
her condition was still stuporose and the oral temperature 
was 94° F. (34-:4°C.). At this time the plasma sodium 
was 131 mëEq./l, potassium 5-1 mEqg./l. and urea 
75 mg./100 mi. Urinary steroid levels were low; 
17-ketosteroid excretion was 0-7 mg./24 hours and 
17-hydroxysteroids were less than 1:0 mg./24 hours. 
The plasma cholesterol was 276 mg. per 100 ml. 
PROGRESS AFTER CORTICOTROPHIN. Therapy was com- 
menced with 10 mg. b.d. of corticotrophin, subsequent 
to which the temperature rose progressively to 98° F. 
(36-77 C.) and she became much brighter. Right 
hemiparesis and dysphagia remained. A month after 
the operation marked thirst was first noticed and found 
to be due to diabetes insipidus. Pitressin was not given 
at this stage. Two weeks later corticotrophin was 
reduced to 10 mg. daily and she was sent away for one 
month’s convalescence. On her return she was found 
to be obese (weight gain 5-9 kg.) and was noticed to 
show excessive hunger and unpredictable changes of 


mood. The plasma electrolyte levels were within normal 
limits. The urinary 17-ketosteroid excretion was 10-8 


mg./24 hours. Corticotrophin was discontinued, but 
during the subsequent week the patient again developed 
anorexia, apathy and a tendency to sleep during the day. 
Corticotrophin was recommenced in a dosage of 10 mg. 
every other day with good effect. She went out of 
hospital well stabilized on this dose and also on pitressin 
snuff 30 units daily. After a further three months 
corticotrophin was gradually reduced and she was doing 
well on pitressin alone six months later. 


COMMENT. In this case of hypothalamic syn- 
drome due to suprasellar tumour, lethargy and hypo- 
thermia responded well to corticotrophin. The 
patient’s requirements fell rapidly but attempts to 
withdraw the drug after three weeks were unsuccess- 
ful, though treatment was successfully discontinued 
three months later. Diabetes insipidus developed 
post-operatively. This was the only case in the 
series in which urinary steroid excretion was below 
normal before treatment. 


Case 3 (P.H.). This girl, aged 10 years, had a history 
of excessive thirst and polyuria for three years. Deter- 
ioration of vision had been present for two years, 
culminating in complete blindness in the right eve one 
month before admission, Headaches, vomiting and 
somnolence were recent features. On admission to The 
Hospital for Sick Children she was drowsy but coopera- 
tive. The blood pressure was 95/60 mm. He. The 
urinary specific gravity never rose above -003 and a 
diagnosis of diabetes insipidus was made. Ventriculo- 
graphy showed a space-oecupying lesion in the pituitary- 
hypothalamic region. Craniotomy revealed a dark red 
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mass which appeared to be welling from the pituitary 
fossa. Removal was impossible. It had the appearance 
of a teratoma and this was confirmed histologically. 
After the operation she remained drowsy, waking only 
to be fed. Body temperature was normal. The plasma 
sodium was 134 mEq./l. and plasma potassium 4:4 
mEq./l. The urinary 17-ketosteroids were 3-5 mg./24 
hours and the 17-hydroxysteroids 2-2 mg./24 hours. 

PROGRESS AFTER CORTICOTROPHIN. Corticotrophin, 20 
mg. b.d., was given in view of the drowsiness. Within 
48 hours she became much more alert with an increased 
appetite and by the fourth day she wanted to get out of 
bed. The urinary 17-ketosteroids rose to 17:9 mg./24 
hours and the 17-hydroxysteroids to 41-7 mg./24 hours. 
Corticotrophin was gradually withdrawn after 10 days, 
and five days after the last dose she was transferred to 
another hospital for radiotherapy. The drowsiness 
returned rapidly but again responded promptly to 
corticotrophin, which was discontinued after three weeks, 
this time without any recurrence of symptoms. Nine 
months later she remained well. 

Before craniotomy the average daily urinary output in 
this patient was 1-4 1., rising to 2-2 1. during the five 
days following operation; after five days on cortico- 
trophin it reached 9-7 1./24 hours, whereupon cortico- 
trophin was withdrawn. No pitressin was being given 
at this time. 


CoMMENT. As in the previous case corticotrophin 
was principally of benefit post-operatively in im- 
proving the alertness of a patient with suprasellar 
tumour and diabetes insipidus. A relapse occurred 
during radiotherapy but a second course was needed 
for only three weeks and the patient was well apart 
from diabetes insipidus nine months later. 


Case 4 (D.R.). The patient was a boy aged 9 years. 
At the age of 8 years pubic hair and enlargement of the 
penis were noticed. Six months later vomiting began. 
Five weeks before admission he had two major convul- 
sions and thereafter developed headaches, anorexia, 
lassitude and a squint. On admission he answered 
questions readily, though he was otherwise lethargic and 
content to lie in bed all day. He was emaciated (weight 
48 lb. (21-8 kg.)) (Fig. 1). The penis and testes were of 
adult proportions. The temperature was normal and 
the blood pressure 140/90 mm. Hg. The plasma sodium 
was 132 mEq./l. and the plasma potassium 5-1 mEq./I. 
The urinary 17-ketosteroids were 2:6 mg./24 hours and 
the 17-hydroxysteroids 5-9 mg./24 hours. A glucose 
tolerance test was normal with a fasting level of 97 mg. 
and at 30-min. intervals after 25 g. of glucose 97, 156, 
135, 97, 103 and 97 mg. per 100 ml. Ventriculography 
showed space-occupying lesions in the left subfrontal and 
suprasellar regions; there was also internal hydro- 
cephalus and the presence of a third lesion in the posterior 
fossa was suspected. Craniotomy was not undertaken 
because of multiple lesions. During the next two weeks 
the patient remained lethargic and his emaciation 
continued in spite of adequate fluid and calorie intake 
with ‘complan’ via a nasal catheter. 


mg. daily was then given. 
lethargic, gaining weight and feeding himself. The 





Fic. 1.—Case 4. On admission. Note gross emaciation and sexual 


precocity. 


PROGRESS AFTER CORTICOTROPHIN. Corticotrophin 20 


Six days later he was less 


eee 





Fic. 2.—Case 4. Shows eesponse of emaciation to corticotrophin. 
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urinary 17-ketosteroids were 6-1 mg./24 hours and the 
17-hycroxysteroids 6:2 mg./24 hours. His weight 

_ Increased slowly to 61 lb. (27-7 kg.) a month later. He 

was by then fully alert but not euphoric. He was 
transferred to another hospital for deep x-ray therapy 
after which corticotrophin was gradually withdrawn. 
Three months later his clinical condition remained good 
nd he has continued to improve (Fig. 2). 









Comment. Here, as in Case l, lethargy and 
-emaciation were associated with a suprasellar lesion 
‘as pact of multiple inoperable intracranial lesions. 
A rapid response occurred to corticotrophin, which 


was leter withdrawn successfully after radiotherapy. 


Isosexual precocity was also a feature. 


Discussion 


The fact that the administration of corticotrophin 
cpoinckled with correction of stupor and improve- 
-ment in the general condition of all four patients 
suggests that there was an initial depression of 
pituitary adrenocorticotrophin secretion for which 
corticatrophin acted as a replacement. However, 
laboratory investigations provided little confirma- 
„tory evidence of adrenocortical deficiency. Glucose 
tolerance tests in two of the patients did not show 
the typical change of hypoglycaemia over-respon- 
siveness. Insulin tolerance tests were not performed. 
The eosinophil response after corticotrophin was 
measured in Case 1; this was normal, whereas in 
hyporituitarism a delayed or diminished depression 
of the eosinophils from secondary adrenocortical 
failure may occur, depending upon the duration of 
the pitustary failure (Nabarro, 1957). In our cases 
the pasma sodium and potassium levels did not 
Sb@w changes typical of adrenocortical failure. There 
was mo delayed increase in steroid excretion after 
corticetrophin was administered. Two cases (1 and 
- 3) showed a marked diuresis after the administration 
of corticotrophia, but this is not strictly evidence of 
initial depression of adrenocorticotrophic hormone 
_. secretion since a rise in solute excretion may occur 
3 ‘consequent upen an increase in appetite. On a 
fixed cietary intake corticotrophin will not influence 
urinary volume in cases of anterior and posterior 
pituitary deficiency (Leaf, Manby, Rasmussen and 
< Marasco, 1952). The overhydration which occurred 
in Case 1 was due to excess intake of water and 
- pitressin and not to lack of corticosteroids since at 
that time corticotrophin had already been adminis- 
tered and stercid excretion was well within the 
normal range. The special investigations therefore 
showed no major deficiency in those aspects of the 
- pituitary-adrenocortical mechanism which could be 
~~ investigated. : 
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Cases of post-operative coma due to tumours in 
and around the pituitary gland have previously been 
reported to respond to steroid replacement; in 
contrast to our cases, these usually showed evidence 
of long-standing pituitary deficiency and required 
permanent substitution therapy. In our three 
cases, who survived, corticotrophin was withdrawn 
successfully. If, as seems likely, there was no 
permanent or severe damage to the hypothalamic 
anterior pituitary system in our cases, the response 
to corticotrophin must be explained on a different 
basis. Two possibilities might account for the 
beneficial effect. First, the improvement may have 
been due to excessive secretion of corticosteroids 
which the corticotrophin stimulated. Cortico- 
steroids improve the appetite and alertness in 
normal subjects. An alternative explanation is that 
there was a temporary depression of adrenocortico- 
trophic hormone, not shown in our tests, and that 
this was reversed by the general improvement which 
followed hormonal and surgical treatment. Full 
assessment of anterior pituitary activity was handi- 
capped in two ways; first, by the ill state of the 
children which precluded full endocrine investiga- 
tions, and second, by the fact that they had not 
reached the age of puberty; after puberty the 
recognition of hypopituitarism may be made more 
easy by such signs as hypogonadism, loss of pubic 
and axillary hair and low steroid excretion. 

Whatever the explanation, the amelioration in 
the stupor and general condition of the four children 
was striking and it appears advisable to administer 
corticotrophin to children with lesions in the hypo- 
thalamic-pituitary region before surgery is under- 
taken. All our cases had an associated endocrine 
abnormality, such as diabetes insipidus or precocious 
puberty, though in one child the endocrine defect 
did not appear until post-operatively; this is in 
contrast to one case of suprasellar tumour we have 
seen recently in a boy of 9, who showed no associated 
endocrine defect and in whom the wasting and 
stupor did not respond to corticotrophin. 


Summary 

The response to treatment with corticotrophin is 
described in four cases of hypothalamic syndrome, 
i.e. children with space-occupying lesions at the base 
of the brain associated with endocrine disturbances, 
stupor and wasting. 

The difficulties of diagnosing anterior pituitary 
deficiency in the pre-pubertal child are discussed and 
it is suggested that all children with lesions in the 
region of the hypothalamus and pituitary gland 
should be given corticotrophin (or cortisone) before 
surgical intervention. 











270 ARCHI VES OF > DISEASE IN CHILDHOOD 


We should like to thank: Mr. Wylie McKissock. for Harris, G. W. (1955). Neural C ontrol of the Pituitary Gland. Edward 
é ‘Arnold, London. 


ay permission to study these cases, Professor A. A. Mon- Kagan, H. (1958). rent and severe. inanition, associated. with a 








“eff and Dr. W. Wo ‘Payne for their advice, and the tumour involving the hypothalamus, Arch. Dis. Childh., 33, 25, 
- Research Committee of the hospital for its support. Leaf, A., Mamby, A. R., Rasmussen, H. and Marasco, J. P. Neate 
Some. Boras! aspects of water. excretion. int. man. J. clin. 


Invest., I O14 

Nabarro, _ i. D. N. 957): The diagnosis of adrenal critical. dys- 
fanction. ` Brit. nee. J, 2, TOIS, 

Northfield, D: W: C. (1955). _ Discussion on pituitary syndromes. 





REFERENCES z 
Pree Proc. ray. Sue. Med., 48, 879. 

Bauer, H, G. (1954). Endocrine. and. other clinical manifestations of Russell, A. (1957), ‘A diencep halie syndrome of hyperkinetic 
h ypothalamic disease; survey of 60 cases with autopsies. J. clin. emaciation typically linked to predominant elation in infancy 
Endrocr.. 44, and early childhood. Excerpta med..(Amst.), Sect. ‘FH, 30, 

Congress Issue, p HIEL 6th international Congress | of Neuro- 


Caughey, J JE hasi), In Modern Trends: Gn ‘Endocrinology, p. 132. 
Edited by H. Gardiner-Hill. - Butterworth, London. logy, Brussels. 












n ccc Paper electrophoresis for studying the serum 
=- protein pattern is of particular value in infancy 
¿> because of the small volume of blood required. 


Despite improved methods of diagnosis and in- 
greased knowledge of the aetiology of wasting 
disosders in infancy, some cases of failure to thrive 
still present diagnostic difficulties. Cases in which 
diarrhoea, respiratory infection and wasting are 
associated are common, and in many such cases 
investigation of pancreatic function shows this to 
be depressed. After suitable treatment, which may 
inchade pancreatin, these infants are found on 
reinvestigation to have normal pancreatic function. 
Fibrocystic disease of the pancreas can then be 
exch ded. 

The present investigation was undertaken to find 
out f the serum protein pattern would be of any 
diagnostic value in wasted infants in whom the 
exac. diagnosis was in doubt. 


Methods and Material 


ee: lcctrephoretic separation was carried out in a 


vertical tank of the type described by Flynn and De 
Maye (1951), using a barbiturate buffer of pH 8-6. The 
samples of 0-03 ml. serum were run for 16 hours at a 
current of 0-25 mA per centimetre width of paper. 
Wha:man paper No. 31M extra thick was used through- 
out. After drying, the strips were stained for 16 hours 


oe “in 0-01% bromophenol blue according to the method 
-of Bock, Durrum and Zweig (1955). 


The individual 
fractsons were estimated by the method of Levin and 
Oberholzer (1953), which involves the estimation of the 
nitrogen in each fraction after the strips have been 


oo divided. A correction for the nitrogen in the paper was 


©- made by estimating the nitrogen in a measured length 
of paper from protein-free areas at the ends of the 
strips. The sum of the individual fractions was checked 
with the total serum protein as determined by the 
micro Kjeldahl method. 

The sera of 67 infants were examined. Twenty were 


“normal infants known to be taking a satisfactory diet; 


< they were free from infection and of normal weight. 
hese infants served as controlseand ranged in age from 
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7 weeks to 10 months. The other 47 infants were 
divided into four groups according to the main presenting 
symptom. Sixteen were wasted infants whose failure to 
thrive was attributed to underfeeding. Infection was 
not a complicating factor in these cases which were 
usually the result of maternal ignorance, though in a few 
cases actual neglect was involved. The second group 
consisted of nine infants with acute diarrhoea. The sera 
of these cases was examined as soon as their clinical 
condition permitted, in all cases after adequate re-hydra- 
tion. Only severe cases with marked loss of weight 
were included. Thirteen were cases of chronic or 
recurrent diarrhoea. Most of these had a history of 
repeated bouts of diarrhoea over the previous few 
months. No single attack was usually of sufficient 
severity to warrant hospitalization, but advice was 
eventually sought on account of the frequent recurrence 
of symptoms and the failure to gain weight, or actual 
loss of weight, over a long period of time. The remaining 
nine infants suffered from chronic or repeated respiratory 
infections of varying severity. The attacks were usually 
accompanied by pyrexia and were often of sufficient 
severity to require treatment with antibiotics. In general 
this group of infants had maintained their weight 
somewhat better than the other groups and their average 
age was greater. 

An attempt to assess the pancreatic function in these 
infants was also made by means of amino-acid absorption 
curves after a gelatin meal and when possible by duodenal 
intubation and measurement of the tryptic activity of the 
duodenal contents (Bate and James, 1956; unpublished 
data). The amino-acid curves were performed according 
to the method of West, Wilson and Eyles (1946). The 
criterion of normality was a rise in blood amino nitrogen 
to a level of at least 3 mg. per 100 ml. above fasting 
values at some time during the first one and a quarter 
hours after the gelatin was given. This increase in 
amino nitrogen was sustained for two and a half hours 
after the feed in normal infants, after which the level fell 
towards the fasting values. 


Results 


The serum protein patterns in normal infants and 
in those with chronic nutritional disturbances are 
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TABLE I 
SERUM. PROTEIN LEVELS IN NORMAL INFANTS AND IN INFANTS WITH NUT RITIONAL DISTURBANCES 
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shown in Tables 1 and 2. Analysis of the results 
showed no significant variation from the normal in 
the total protein or beta globulin and only slight 
variations in the alpha 2 and gamma globulin. In 
all groups the albumin levels were significantly 
lower than in the controls. The alpha 1 globulin 
was significantly raised in the cases with chronic 
diarrhoea and undernutrition. The pattern was 
similar in all the abnormal groups; a depression in 
albumin levels was the most striking feature with a 
less pronounced increase in alpha 1 globulin. The 
rather higher albumin levels in the infants with 
chronic respiratory infection was probably due to 
the older age in this group. 

The group with chronic diarrhoea also showed 
the most marked loss of weight as measured by the 
percentage of expected weight at the time of their 
first attendance. 

The distribution of the amino-acid curves and the 
titre of duodenal trypsin in the various groups were 
also established, and are shown in Table 3. Only 
two infants with chronic diarrhoea had normal 


TABLE 


$ P=O-05 


curves and all had trypsin titres of under 1: 200. 

The findings in cases with acute diarrhoea markedly 
resembled those in chronic respiratory infection and 
these cases did not show the marked impairment of 
pancreatic function of the infants with chronic 
diarrhoea. Unfortunately not all the cases of under- 
nutrition were intubated and only 13 had amino-acid 


TABLE 3 


DISTRIBUTION OF TRYPSIN TITRE AND RESULTS 
AMINO-ACID ABSORPTION CURVES 


OF 





Trypsin Titre 





No. of Cases Amino-acid Curve sejo | 
: Under! Over 
E 200. i 1:200; 1 :200 
Normal “Abnormal | i | 
Ga aces techno Lopes t i 
16 Undernutrition*® .. 4 9 2 ił 5 
9 Acute diarrhoea .. 4 3 om | OR 7 
i 3 Do diarrhoea | 2 >o n po WS i e bom 
espiratory infec- | fo i : i 
tion ee 4 ; 5 | wee i 3 ra 





* In this group eight infants were intubated and 13 had amino-acid 
Curves. 
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SERUM PROTEIN PATTERN IN NORMAL INFANTS AND IN INFANTS WITH NUTRITIONAL DISTURBANCES 
(PERCENTAGE VALUES) 








| S Globulins |  %of 
Albumin eepe aa Expected 
A ! wl a2 | Total a © Bo | A | Weight 
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S.D. i a ee ce i3 fo o b4 | 28 j 17 O 23 O Oú 
Undernutrition o Tas [77 | 44a) wa | o |, 30 BaO 
S.D. be. e es ee ee ee ee ee 
Acute diasrhoea .. ==... U a es | isa | oo i34 | 2 > P3 
S.D. i cape ) 67 | 22 | 28 | 40 | 36 1-7 
Chronic diarrhoea .. Di : ; i 49-2 8-6 163 7 24-9 a —_ 7 2o o 69-9 
SD. te ni a ee $5. || 3-40 | 9 E a 4Q | 43 
Renka inkehons Gc 4 a S27 | 62 | a | 2e i 12-5 pT = $2 
S.D. nS ees A8 jo LS | 46 | 44 | 28 o yë O56 
i i } i a : i 


the other two groups. 
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curves. From the available results it appears that 
_ with regard to pancreatic function this group lay 
- between those infants with chronic diarrhoea and 
| In only one case of chronic 
diarrhoea was tryptic activity present in a titre of 
over |: 50 and in four infants no activity could be 
detected. 

~ The relationship of the percentage of serum 
albumin to the percentage of expected weight and 


= to the titre of duodenal trypsin is shown in Table 4. 


TABLE 4 


RELATIONSHIP OF PERCENTAGE SERUM ALBUMIN TO 
PERCENTAGE OF EXPECTED WEIGHT AND TITRE OF 
DUODENAL TRYPSIN 





w Albumin No, of Cases 


8. Expected pees 








Below 70%, 8-8 12 

70-8939% ti a Baa 52°7 ; 25 

+ Over 80% re Ps ia 50-1 | 10 
Titre oi trypsin 

gee 200 48-5 is 

zis Bie A 50-3 | 6 

Over 1:200 ce ae os 53-5 : 18 





.The Agures for the relation between the titre of 
duodenal trypsin and the percentage of serum 
albumin are somewhat misleading. From them it 
might be assumed that the two bore a direct relation 
to each other. Whilst in general infants with very 
low e@r absent trypsin had low albumin levels there 


™ were exceptions to this and some infants with 


satisfactory trypsin titres had albumin levels of 
under 50%. The level of serum albumin does not 
therefore appear to be directly related either to the 
weight loss or to the degree of pancreatic dys- 


fuaction. 


Discussion 


Censideraticn of the results makes it clear that 
whatever the primary cause of the failure to thrive, 
the changes in the protein pattern are similar, the 
differences being of degree rather than of quality. 
The albumin showed a marked fall in all groups, 
alpha globulin showed a slight increase over normal 
values and gamma globulin tended to increase. 
These findings are in agreement with those of other 
authors who have determined the serum protein 
pattern m chronic nutritional disturbances. Gollan 
(1948) reported low albumin and raised globulins 
in chronic malnutrition in infants but he did not 
fractionate the globulins. Burgio and Giacalone 
(1953), investigating infants with nutritional atrophy, 
reported low albumin values with a striking increase 
in alpha globulin.. Yoshida (1953) found low 
albumin levels and raised alpha and gamma globulin 
Jaso, Iturriaga ‘and Roldan (1954) 
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studied two groups of infants, cases of toxicoses 
(i.e. acute gastro-enteritis) and cases of nutritional 
dystrophy. In both groups the albumin was low 
and alpha and gamma globulins raised compared 
with the normal. Carletti (1955) found low albu- 
min and increased alpha globulins in both acute and 
chronic nutritional disturbances. The gamma globu- 
lin was either normal or elevated. Hallman, 
Kauhito, Louhivuori and Uroma (1952), Homolka 
and Mydlil (1955), and Schiavini and Sacconaghi 
(1956) investigated cases of acute gastro-enteritis, 
and these workers all found lowered albumin, 
raised alpha globulin and occasionally raised gamma 
globulin. Lubchez (1948) described the serum 
protein changes in a variety of infections in child- 
hood. These were similar to those reported above. 
The changes in the serum protein pattern seem to be 
essentially similar in infants with nutritional 
disturbances whatever the primary cause. Grossman, 
Sappington, Burrows, Lavietes and Peters (1945) and 
Peters (1946) have stated that pyrexia per se does 
not cause nitrogen loss. Nevertheless, large amounts 
of nitrogen are lost during acute illnesses, and this 
loss is continued after the temperature has returned 
to normal. This factor cannot be ignored when 
considering the hypoalbuminaemia of acute infec- 
tion. Madden, Winslow, Howland and Whipple 
(1937) found that sterile turpentine abscesses 
markedly inhibited the regeneration of plasma 
proteins in animals depleted by plasmaphoresis 
even when given an adequate diet. They suggested 
a disturbance of the synthesizing mechanism as a 
cause for this failure. 


There is considerable controversy over the state 
of pancreatic function in nutritional disorders in 
infancy. All authorities agree that enzyme secretion 
is depressed in severe protein malnutrition (Veg- 
helyi, 1948; Thompson and Trowell, 1952; Dean and 
Schwartz, 1954; Gomez, Galvan, Cravioto and 
Frenk, 1954; Mukherjee and Werner, 1954; Scrim- 
shaw, Behar, Perez and Viteri, 1955). From 
reports dealing with infants with other conditions 
it appears that pancreatic enzymatic activity is 
often depressed in acute and chronic diarrhoea and 
sometimes during respiratory infections. This 
depression is often selective, one enzyme being 
present in normal amounts whilst the other two 
show lowered values or are absent (Hess, 1913; 
Davison, 1925; Farber, Schwachman and Maddock, 
1943; McDougall, 1950). This demonstrates the 
need to examine the activity of all three pancreatic 
enzymes in the duodenal juice in suspicious cases 
and not to rely merely on a trypsin estimation as is 
the procedure in many centres. McDougall (1950) 
reported normal enzyme activity in 18 children with 
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severe malnutrition. She did not report on the 
serum protein patterns but Gomez et al. (1954) and 
Mukherjee and Werner (1954), both working with 
infants with protein malnutrition, correlated the 
level of pancreatic enzyme activity with the serum 
albumin level. Gomez et al. noted no correlation, 
but Mukherjee and Werner found a significant 
correlation between amylase activity and serum 
albumin, and at albumin levels below 2-5 g.% a 
linear regression existed between the two. The 
bulk of evidence suggests that pancreatic exocrine 
function may be depressed in a variety of chronic 
nutritional disturbances in infancy, especially if 
these are associated with alimentary or respiratory 
infections. Such pancreatic depression is less likely 
to occur in acute disorders of sudden onset. Mat- 
saniotis (1957) criticized the use of amino-acid 
curves after a protein meal as a test for pancreatic 
function because abnormally low values were not 
necessarily due to diminished output of pancreatic 
enzymes but might reflect impaired absorption or 
abnormal rates of amino-acid uptake by the tissues. 
In a series of infants with simple inanition he found 
normal absorption after a meal of casein hydro- 
lysate, and normal removal rates of amino-acid 
from the blood after intravenous hydrolysates. As 
a result of this work he stated that the proteolytic 
activity in the gastro-intestinal tract of infants with 
this type of undernutrition was not impaired. 


The infants in the present series had evidence of 
chronic protein deficiency as shown by depression 
of the serum albumin, muscular wasting and 
recovery on a high protein diet. Prolonged inade- 
quacy of the diet from whatever cause must lead 
to lowered protein intake, and this in turn is respon- 
sible for diminished output of proteolytic enzymes 
and thus available dietary protein becomes even less 
adequate. Confirmatory evidence that these in- 
fants were protein-deficient lay in the fact that the 
serum protein patterns remained abnormal until 
satisfactory weight gains had been made. This 
often took several weeks of high protein feeding. 
Platt (1958) demonstrated clearly the difference in 
the clinical picture in cases of protein malnutrition 
with a high carbohydrate intake where the picture 
of kwashiorkor is seen, and in cases where protein 
deficiency accompanies a low carbohydrate intake 
and a marasmic type of malnutrition results. The 
type of malnutrition seen in this series and in most 
cases in this country does not lead to florid clinical 
signs and for this reason often passes unrecognized; 
a symptomatic diagnosis of chronic gastro-intestinal 
disorder is applied and the progress is slow and 
unsatisfactory. The serum protein pattern shows 
non-specific changes in these disorders and the level 
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of serum albumin does not bear a direct relationship 
to the pancreatic enzyme activity, though in general 
the most severely affected infants showed the lowest 
levels. 
Summary 

The serum protein pattern in 20 normal infants 
and in 47 infants with nutritional disturbances was 
examined by paper electrophoresis. The albumin 
fraction was significantly lower than normal in all 
the infants who had failed to thrive regardless of the 
aetiology of their condition. The alpha and gamma 
globulins tended to be higher than normal, the beta 
globulin and total protein showed no change. 
The group of infants with chronic diarrhoea showed 
the most pronounced changes in the protein pattern 
and also the most severe loss of weight. This 
group also had the most marked depression of 
pancreatic function but no definite correlation 
between serum albumin, percentage of expected 
weight or titre of duodenal trypsin could be estab- 
lished. The serum protein pattern is of no kelp in 
specific diagnosis in infants who fail to thrive, the 
changes being non-specific. 


I wish to thank Professor E. M. Killick for her helpful 
criticism, Dr. Ursula James for permission to investigate 
her patients, and both her and Dr. John Bate for per- 
mission to include their data on pancreatic function. 
This work was supported by the Endowment Fund of 
the Royal Free Hospital and formed part of a thesis 
pad es for the degree of Ph.D. in the University of 

ondon. 
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EFFECT OF TRIITODOTHYROACETIC ACID ON THE 
ELECTROCARDIOGRAM IN CRETINISM 


THOMAS STAPLETON, CHAN GUNN and PAUL GELPKE 
From the Paddington Green Children’s Hospital (Children’s Department, St. Mary's Hospital, London, W.2.) 


(RECEIVED FOR PUBLICATION AUGUST 24, 1959) 


The purpose of this note is to report the effect of 
the acetic acid derivative of triiodothyronine (Triac) 
on the electrocardiogram (E.C.G.) in cretinism. It 
is well recognized that myxoedema in the adult and 
cretinism in the infant lead to an abnormal E.C.G. 
characterized by a low voltage curve, particularly 
affecting the T waves, and prolongation of the 
Q-T interval. On treatment with thyroid these 
changes disappear. Evans (1956) writes that the 
E.C.G. becomes normal after three weeks’ therapy 
and that ‘the adequate dosage of thyroid may be 
estimated from watching it reinstate and maintain a 
normal cardiogram’. 

1-3: 5: 3-Triiodothyroacetic acid has an immedi- 
ate effect on the basal metabolic rate and body 
temperature in hypophysectomized rats (Donhoffer, 
Várnai and Sziebert-Horvath, 1958). It has a rapid 
effect on the basal metabolic rate in myxoedema 
(Trotter, 1955). Ibbertson, Fraser and Alldis (1959) 
have shown that it causes a rapid change towards 
normal in the E.C.G. of adults with myxoedema. 
They also state that ‘in a 5-month-old cretin, at 
eight hours after 0-5 mg. of triac by mouth, there 
was an obvious increase in the R and T waves of the 
E.C.G.’. The effect on the E.C.G. in two infants 
with cretinism is recorded in this paper. 


Case Reports 


Case 1. This boy was seen at the age of 12 weeks. He 
was the second child of a Rh positive mother, the other 
child being a boy aged 16 months who was alive and well, 
and had no jaundice at birth. The mother had an ante- 
partum haemorrhage one month before delivery. The 
baby was born three weeks before the expected date of 
delivery with a birth weight of 4 lb. 13 oz. He was 
breast fed for four weeks and then fed on Ostermilk. 
The baby had been slightly jaundiced since the second or 
third day of life, but the stools had always been rather 
light yellow in colour. The urine had always been dark. 


On examination the baby had a rather harsh cry, 
moderate jaundice of the skin and conjunctivae, an 
umbilical hernia, and small right and left inguinal 
herniae. The liver was palpable two finger breadth’ 
below the costal margin and the tip of the spleen was 
palpable. The skin was rather dry, scaly and greasy, 
especially over the face, and the tongue protruded 
(Fig. 1). Blood pressure was 70 mm. systolic by the 
flush method. 

The child weighed 10 Ib. 3 oz. (4-625 kg.), length + 
21 in. (53-3 cm.). 

Haemoglobin was 12 gm.%, reticulocytes 4%. 





Fi&. 1.—Case 1. 
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Fic. 2.—Case 1, aged 12 weeks. Radiograph of wrist. 
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Fic. 3.—Case 1. E.C.G.s before and after Triac (1 mg. given two- 
hourly for four doses). Timings are in hours after first dose. 


FG. 4.—Case 1, aged 12 months. Radiograph of wrist. 
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Radiographs showed a retarded bone age (Fig. 2) and 
a poorly formed first lumbar vertebra. 

The clinical diagnosis of cretinism was clear. 

Triac was given in l-mg. doses at two-hourly intervals 
for four doses. E.C.G.s were recorded before and after, 
the timings being given from the time of the first dose 
(Fig. 3). 

Response to treatment with thyroid extract B.P. 
confirmed the diagnosis of cretinism, clinical and radio- 
logical (Fig. 4), progress being normal during the 
following year. 


Case 2. This girl was first seen at the age of 6 months. 
She was the first child, born at full term after a normal 
pregnancy, the birth weight being 6 lb. 12 oz. From the 
age of 44 months she was noticed to be sluggish, sleeping 
excessively and not to be making progress. On examina- 
tion she was an obvious cretin (Fig. 5). Radiographs 
showed a retarded bone age and poor development of the 
upper part of the body of the second lumbar vertebra 
(Fig. 6). 

This patient was given 4 mg. Triac in one dose. 
E.C.G.s were recorded before and after the test dose 
(Fig. 7). 





Fic. 6.—Case 2, aged 6 months. 


Response to treatment with thyroid extract B.P. 
confirmed the diagnosis of cretinism and progress Over 
the next six months was normal. 


Normal Infants. A 4-mg. dose of Triac has been 
given to each of three infants with no endocrine disorder 
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Fic. 5.—Case 2. 


Lateral radiograph of lumbar spine. 


and a normal E.C.G. pattern. Small variations in the 
magnitude of the complexes were found on successive 
recordings even when great care was taken over standard- 
ization. There were, however, no changes in voltage 
comparable in magnitude to that observed in Case 2 
described above. 
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Timings are in hours after administration of Triac. 


E.C.G.s before and after Triac (4 mg. given in one dose). 


Fic. 7.—Case 2. 
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C omment 


Care was taken to ensure that the standardization 
of the E.C.G. machine* was correct and similar for 
each tracing. The main change. noted i in the E.C.G.s 
of cretins was an increase in the voltage. The 
response was not as marked. in the first patient, to 
whom the triiodothyroacetic . acid was given in 
divided doses over a six-hour period, as in the second 
patient, to whom a large | single dose was given. 
In the latter case the response was unequivocal; 
the E.C.G. did not return completely to its previous 
low voltage pattern even after three days. Whether 
this test will be of significant value in the diagnosis 
of less obvious cases of cretinism is doubtful since 
in them the initial electrocardiogram will often not 
be significantly abnormal. — 


* Cambridge Electrite Model Portable Electrocardiograph. 
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Summary 


The effect of triiodothyroacetic acid on the 
electrocardiogram in cretinism is described. 


We are grateful to Professor Russell Fraser for his 
comments and for the supply of Triac given tẹ the first 
patient, and to Dr. A. Generowicz for the recordings on 
the infants with no endocrine disorder. 
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RS OF AGE AND A COMPARISON OF TREATMENT 
FERROUS SULPHATE AND FERROUS FUMARATE 


BY 
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T. STAPLETON 


From the Paddington Green Children’s Hospital, London 


(RECEIVED FOR PUBLICATION JULY 15, 


- A recent paper from this hospital (Morrison, 
~C Bass, Davis, Hobson, Madsen and Masters, 1957) 
reported that about one half of the children under 
2 years cf age admitted because of acute respiratory 
infections had haemoglobin concentrations below 
11 g. per 100 mi. The purposes of the present 
-investigation were to determine the distribution of 
the haemoglobin levels in children between 3 months 
and 2 years of age attending the hospital, to compare 
two ferms of iron treatment and to observe whether 
infection influenced the response to therapy. 
Fog many years ferrous sulphate (iron content 
on, of exsiccated salt) has been the compound 
most widely prescribed for the treatment of iron 
deficiency anaemia. In a small number of patients 
-this ceuses gastro-intestinal disturbance. The claim 
has been made that organic compounds of iron are 
_. better tolerated. Recently ferrous fumarate, a 
> compourmd with the empirical formula FeC,HeOy, 
¿has been advocated (Lancet, 1958). The iron 
content of ferrous fumarate (about 33% iron) is 
Co higher than that of ferrous gluconate (about 12° 
iron) or ferrous succinate (about 25°% iron). 






Selection of Patients 


Jt was intended to include in the survey of haemo- 
_ globin levels the values found in all children between 
© 3-morths and 2 years of age attending the casualty 
department with a new complaint or admitted to the 
medical ward between January 19, 1958 and March 
31, 1658. Owing to the large number of children 
who ettended the casualty department, pressure of 
work made it necessary to include casualty atten- 
dances during the morning only for much of the 
perioc. One hundred and three children attending 
the casualty department and 53 admitted to the 
medical ward were included in the survey. Seventy- 
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three children with haemoglobin levels below II g. 
per 100 ml. were observed in the assessment of 
therapy. Forty-seven of these children were init- 
ially seen in the survey and 26 after the survey 
period ended. 

Methods 


Approximately 0-4 ml. of capillary blood was collected 
from each patient into a Pasteur pipette containing dried 
heparin. The sample was ejected into a small tube, well 
mixed and immediately used to fill pipettes for estimation 
of haemoglobin, packed cell volume and erythrocyte 
sedimentation rate (E.S.R.). The haemoglobin was 
estimated by the oxyhaemoglobin method described by 
Dacie (1956). An Ilford 0-5 neutral density screen was 
read with each series of estimations. Its equivalent 
haemoglobin value was determined by using bleed of 
known haemoglobin content supplied by Messrs. Keeler 
Ltd. Each pipette was calibrated. The packed cell 
volume (P.C.V.) was estimated using capillary tubes spun 
in a Hawksley microhaematocrit centrifuge at 12,000 g. 
for five minutes. The E.S.R. was estimated using a tube 
of 1-5 mm. bore and a column of blood 100 mm. long. 

Three mixtures (A, B and C) were prepared: none of 
the medical staff knew which was issued to a particular 
child, the records being kept by the pharmacist: 

A. Ferrous fumarate in a flavoured suspension con- 

taining 75 mg, (equivalent to 25 mg. elemental iron) 
per 4 ml. 


Ferrous sulphate in a flavoured vehicle similar to 
that used for Ferrous Sulphate Mixture for infants 
(British National Formulary, 1957) modified to 
contain 120 mg. hydrated salt (equivalent to 25 mg. 
elemental iron) per 4 ml. 


A placebo consisting of the flavoured vehicle 
without ferrous sulphate. 


The placebo was given to every third child with a 
haemoglobin level between 9 and 11 g. per 100 ml. 
presenting in four consecutive weeks of the study in order 
to have a control group for comparison of side-effects and 
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spontaneous haemoglobin changes. It was not felt wise 
to give the placebo to children with a haemoglobin level 
below 9 g. per 100 mi. 

In order to ensure comparability as regards haemo- 
globin levels and age in the children given ferrous 
sulphate and ferrous fumarate, the children were allotted 
to one of four groups: 


3 months- year. 


1 year-2 years } haemoglobin 9-11 g. per 100 ml. 


3 months-! year (haemoglobin under 9 g. per 
i year-2 years f 100ml. 


The mixtures were given in rotation to the patients in 
each group according to the order of arrival of the 
prescriptions in the pharmacy. 

All mixtures were issued with plastic measuring spoons 
(4 ml. capacity) and the following instructions: 


‘One teaspoonful after food once a day for 3 days, 
twice a day for the next 3 days, then three times a 
day.” 


The mother was asked to bring the child back two 
weeks and four weeks after the start of treatment. On 
the first return visit she was given another bottle of the 
same medicine. On each visit the doctor reassessed the 
child’s condition and asked whether any vomiting, 
diarrhoea or constipation had occurred since the previous 
visit. Any comments provided by the mother about the 
child’s reaction to the medicine were noted. 


Results 
Haemoglobin Levels. Fig. 1 shows the total 
number of children with haemoglobin levels in each 
one-gramme range. There is a skew distribution in 
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of 12 g. per 100 ml. or more, 37% have between 11 
and 12 g. per 100 ml. and 43°¢ have under 11 g. per 
100 mi. Of the children requiring admission to the 
medical ward, 53%, had haemoglobin levels below 
li g. per 100 ae a finding similar to that of 
Morrison et al. (1957). 

Table 1 gives the averages of the mean corpuscular 


TABLE | 


CORRELATION OF MEAN CORPUSCULAR HAEMOGLOBIN 
CONCENTRATIONS WITH HAEMOGLOBIN LEVELS 
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Haemoglobin range Under 

{g. per | 100 mi.) -9 210. aoa 11-12; 12 or more 
Mean M.CH.C.(%) -| 27-1 | 30-2, HET | 32-5 
No. of patients...) 13 7 15 ~ 3 sj x 
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haemoglobin concentrations (M.C.H.C.} of the 
children in each one-gramme range of haemoglobin 
level. The progressive reduction in average M.C.H.C. 
in the lower haemoglobin ranges indicates an iron- 
deficiency factor. 

Table 2 gives the average 'E, S.R. of the children in 


TABLE 2 


CORRELATION OF ERYTHROCYTE SEDIMENTATION 
RATES WITH HAEMOGLOBIN LEVELS 
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No. of patients* 





* The numbers of patients are different from those in Table I as 
the M.C.H.C. was not determined in every patient in whom an 
E.S.R, was observed and who was included in the survey. 


each one-gramme range of haemoglobin level. 
There is a rise in average E.S.R. from the highest 
haemoglobin range downwards. Iron deficiency 
anaemia alone may not cause a rise in the E.S.R. 
(Terry, 1950); several children in the survey with 
haemoglobin levels telow 9 g. per 100 ml. had 
E.S.R.s of less than 10 mm; in one hour. 


Assessment of Iron Therapy. Table 3 shows the 
acceptability of the three medicines (A, B and C). 
Only about one third as many children received the 
placebo as received either of the iron mixtures. 
A liking for the medicine was remarked by the 
mothers in a majority of children receiving the 
placebo and only in a few of the children receiving 
the iron mixtures. A distaste for the medicine was 
confined to the children receiving the iron mixtures 
and was slightly more frequent in children receiving 
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ee TABLE 3 
_ COMPARISON OF ACCEPTABILITY OF MEDICINES 
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fens E Includes nine babies who did not complete their course of 
mes _ medicine, 


| ferrous sulphate. Vomiting, diarrhoea or con- 
 stipation were noted in only a small proportion of 
children. A comparison of their incidence in the 
iron-treated groups and placebo group reveals no 
evidence that these symptoms were related to the 
“administration of either iron mixture. There were 
no other symptoms attributable to the iron mixtures. 
Table 4 compares the haemoglobin responses to 





TABLE 4 


COMPARISON OF HAEMOGLOBIN RESPONSE TO EACH 
MEDICINE IN PATIENTS WITH INITIAL HAEMOGLOBIN 
LEVELS BETWEEN 9 AND 11 g. PER 100 mi. 






| Mean Haernoglobin (ga. per 100 ml.) 
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* There is no significant difference between the initial haemoglobin 
-jevels in the groups receiving iron therapy and the placebo group 
{p>0 10). The mean change in haemoglobin level of those children 
receiving either type of iron parte is significantly greater than of 
those receiving the placebo (p< 0-04). 
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the three medicines in the slightly anaemic children. 
The mean responses to the two tron mixtures were 
almost equal and considerably more than the change 
occurring in the group receiving the placebo. 
Table 5 compares the haemoglobin and M.C.H.C. 


TABLE $ 


COMPARISON OF HAEMOGLOBIN AND M.C.H.C. RESPONSE 
TO EACH MEDICINE IN PATIENTS WITH INITIAL HAEMO.- 
GLOBIN LEVELS BELOW 9 g. PER 100 mi. 
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Mean Haemoglobin Mean M.C.H.C. 
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: Fumarate Sulphate | phataaanid Sulphate 

ee eee ROP te eee SERIO TRS SCENES CN Hae 

Initially 68 | 80 | 25-8 27° 
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responses to the two iron mixtures in the children 
with initial haemoglobin levels below 9 g. per 
100 ml. There was a good response to both iron 
mixtures. As would be expected, the response to 
iron therapy is greater when the haemoglobin level 
is lower. The response is noticeable even when the 
initial haemoglobin level is between 10 and II g. 
per 100 ml., the average rise in these patients being 
just over I g. per 100 ml. 

Table 6 is an attempt to assess whether the 
infections found in the slightly anaemic children and 
the course they took influenced the response to iron 
therapy. It can be seen that there was no sub- 
stantial difference between the haemoglobin res- 
ponses in the groups selected on the basis of E.S.R. 
patterns. 


Summary 


Anaemia is still a common finding in young 
children attending this hospital. The anaemia 


TABLE 6 


CORRELATION OF ESR. LEVELS WITH RESPONSE TO [RON THERAPY IN BABIES WITH HAEMOGLOBIN LEVELS 
INITIALLY 9-11 g. PER 100 mi. 
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* Ifa high ESR. is taken to indicate infection and a fall improvement of infection, the first group would be babies with slight infection, 
the second with an improving infection and the third with continuing infection. 
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usually responds to oral i iron + therapy, whether given 


as a ferrous sulphate or a ferrous fumarate mixture, 


both being generally palatable. ‘The presence of a 
persistently r ised E.S.R. (an indication of infection) 
is not associated with a substantial reduction in the 
response to iron therapy. a S 


Thanks are due to Mr. Arnold R. Horwell for the loan 
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- 5 malformations. 
attributed to Casp. Bauhin in 


< Sunam tantum arteriam in fune Fallopius vidit. 





gestation to a para 1 mother aged 20. There had been a 
-threatened abortion at 3 months. 







Absence of ene umbilical artery is a rare finding, 
usually associated with other severe congenital 
: The earliest recorded case is 
1621, although 
_-Noortwyck (1743) quotes Vesalius description 
a Otto 

~ (1830) collected 41 case reports from the literature, 





and Hyrtl (1870) described 14 cases of his own and 
found 16 more in the literature. Browne (1925) 
o referi 

< vous capillaries replacing the vein. 





d to onecase with a single artery and numer- 
Benirschke and 
Brown (1955) described 55 cases, and Richart and 
«= Benirschke (1958) described one further case with 
<- gonadal dysgenesis. Javert and Barton (1952) 


examined the umbilical cord of 297 aborted foetuses 


= of four months’ gestation and found one with a 
-single artery. Of the 182 cases of sympodia collec- 
= ted allantyne (1898), Kampmeier (1927) and 
Andry and Kohler (1956), 95 had a single artery in 
the umbilical cord, and in the remainder the cord 
was not examined. Schatz (1900) found 11 cases 
- among 46 acardiac monovular twins and three 
~-acardiac monovular triplets. There is therefore 





->o glearly a high incidence in acardiac foetuses and 
>> sympodia. 
_. the incidence appears to be relatively low, and only 
~~ Javert and Barton (1952) provide data from which 
“an assessment can be made. 


In foetuses without acardia or sympodia 


This paper cescribes 11 cases encountered among 


routine autopsies performed at the Birmingham 
. Children’s Hospital from March, 1958, to February, 
1959, in autopsies on 159 stillbirths and 252 live 
~~ born babies of 8 weeks of age or less. 
malformations were found in nine (81°) and in 


Severe 


- 23% of the controls. 


Case Reports 
A female baby was stillborn at 36 weeks’ 


Autopsy showed rotation of the trunk through 90° so 


“that the buttocks were facing the left side, and a large 


: _ hernia into the body stalk. Jhe sac was formed by 
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amnion and contained liver and loops of bowel The 
lungs were hypoplastic and abnormally lobed. The 
heart showed a defect in the membranous part of the 
ventricular septum. The right renal artery arose from 
the proximal part of the superior mesenteric artery. 
The umbilical artery entered the right internal iliac 
artery and was wider than normal. The small intestine 
was short (97 cm.) and was strangulated distally in 
the hernial sac. The brain showed bilateral cirsoid 
aneurysms of the Sylvian fissures with focal microgyria 
and encephalomalacia of the underlying cerebral tissue 
on the right side. The placenta weighed 237 g. and was 
normal. The umbilical cord lay in the wall of the 
hernial sac and was short (14-5 cm.). It contained one 
artery and one vein throughout its length. 


Case 2. A male baby was born at full term after a 
normal pregnancy. On the third day he had a surgical 
repair for oesophageal atresia with tracheal fistula and 
died six days later with respiratory obstruction and 
infection. 

Autopsy showed repair of the tracheo-oesophageal 
fistula with oesophageal anastomosis, There was a 
diaphragmatic urethral valve at 0-9 cm. from the bladder 
neck. The bladder was dilated and hypertrophied and 
there was bilateral hydroureter and hydronephrosis. 
The right umbilical artery was absent and the right 
common iliac artery was narrow. 


Case 3. A male infant was born at full term after a 
difficult delivery and died six hours later. The ante- 
natal history was not known. 

At autopsy there was gross radial deviation of the left 
thumb and radius. The small intestine was incompletely 
rotated and unfixed, and there was a Meckel’s diverti- 
culum. The right kidney and ureter were absent. The 
left kidney had two cortical cysts and the renal pelvis 
and ureter were ‘dilated. The bladder was grossly 
dilated and hypertrophied and filled with heavily blood- 
stained fluid. There were lacerations of the bladder wall 
2°5 and 3 cm. in length. The internal urethral orifice 
was stenotic and partially valved by mucous membrane, 
and beyond it the urethra was atretic. The testes were 
intra-abdominal and normal. The right renal artery was 
absent, and there were two left renal arteries. The left 
common iliac vessels were small, and the left umbilical 
artery was absent. 
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Case 4. A female baby was born at 35 weeks’ gestation 
to a gravida 3 mother after a normal pregnancy. The 
baby died after one hour. $ 

Autopsy showed low set ears and bilateral pes cavus. 
The external genitalia were abnormal, the main feature 
resembling a scrotum with a median dimple on its 
anterior surface. On either side of the scrotum were two 
folds resembling labia. The anus was represented by a 
shallow depression. There was oesophageal atresia, 
tracheo-oesophageal fistula and atresia of the duodenum. 
The small intestine showed a Meckel’s diverticulum and 
lack of mesenteric fixation. The colon ended blindly on 
the posterior wall of the bladder. The liver showed 
abnormal lobulation of its inferior surface. The gall 
bladder was absent. The larynx and left bronchus were 
atretic and the left lung was absent. The heart had a 
high ventricular septal defect and a common truncus. 
‘There were two renal arteries on each side. The right 
umbilical artery was absent, and the right common iliac 
artery was smaller than the left. There was a persistent 
left superior vena cava. Both kidneys were small and 
cystic. There was duplication of the right ureter and 
renal pelvis. The two ureters were thin cords uniting 
caudally and ending blindly in the bladder wall. The 
left ureter and ureteric orifice were moderately dilated. 
The bladder was grossly dilated and hypertrophied. 
The internal urethral orifice was stenotic, and from it 
a hypoplastic urethra passed to the scrotal dimple. 
There were two normal ovaries but no uterus nor vagina. 


Case 5. A male baby was stillborn at 31 weeks to a 
primigravida mother aged 20. The antenatal history 
was not known. 

Autopsy showed coarse facial features with a depressed 
nasal bridge and low-set ears. There was a left diaphrag- 
matic hernia, and the left pleural cavity was also con- 
tinuous with the pericardial cavity. The heart showed 
atresia of the tricuspid valve and pulmonary infundi- 
bulum. The right ventricle was a minute blind chamber. 
There was a large atrial septal defect. The pulmonary 
arteries and ductus arteriosus were hypoplastic. The 
left umbilical artery was absent and the left common 
iliac artery was narrow. The right kidney and ureter 
were absent. The left kidney was hypoplastic and 
cystic. The left ureter was a thin cord with a normal 
ureteric orifice. The bladder was much dilated and 
hypertrophied. There was stenosis of the bladder neck, 
atresia of the prostatic urethra and agenesis of the 
prostate. The testes were intra-abdominal and normal. 
The lower end of the colon was atretic, ending blindly 
on the bladder wall. The termination of the spinal cord 
was abnormal. The cord extended to the lower end 
of the sacral canal and passed into a small skin-covered 
cartilaginous peg on its external aspect. 

The placenta weighed 240 g., and was normal. The 
umbilical cord was normal apart from absence of one 
artery. 


Case 6. A female baby was born at 36 weeks to a 
para | mother aged 17. The delivery was normal but 
the baby had white asphyxia and died after eight hours. 
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At autopsy the ears were low-set and the external 
genitalia were abnormal, represented by a median mound 
of soft tissue covered by skin. There was a sinus at the 
junction of the anus and the perineal skin. There was 
bilateral renal hypoplasia and agenesis of the bladder. 
The ureters were dilated to cystic proportions distally, 
and at the lower end of the uterus they communicated 
with the vagina which was continuous with the perianal 
sinus. The uterus was bicornuate, the ovaries were 
normal. The right umbilical artery was absent, and the 
right common iliac artery was very small. The lower 
part of the left umbilical artery gave rise to a vessel which 
crossed over to the right and divided into the right 
external and internal iliac arteries. 

The placenta weighed 606 g. and was normal, The 
cord was excessively long (83 cm.). 


Case 7. The first of monovular male twins was 
stillborn at 32 weeks to a para 1 mother, aged 25, after 
prolapse of the cord. The antenatal history was normal. 
The second twin died after 56 hours and had no mal- 
formations. 

At autopsy the nose was slightly beaked and the ears 
were normal in position but had a soft flat helix. The 
kidneys were enlarged and cystic, fused together and low 
in position. The renal arteries consisted of several 
minute vessels arising close to the aortic bifurcation. 
The two ureters were very narrow and passed to a 
hypoplastic bladder. The urethra and testicles were 
normal. There was hypoplasia of the stomach, liver and 
lungs. The right umbilical artery was absent and the 
right common iliac was smaller than the left. 


There was a diamniotic-monochorionictmpldlggta 
weighing 362 g. The umbilical cords were attached ne f 


the central double amniotic membrane, one being 
normal and one having a single artery and vein. There 
were no demonstrable vascular anastomoses. 


Case 8. The second of twins was stillborn at 38 weeks 
to a para 2 mother aged 22, after a normal pregnancy. 
The first was 2 female infant with no malformations who 
thrived normally. 

Autopsy examination showed a sirenoid foetus with a 
single curved lower limb ending in a foot with three 
broad digits. The trunk consisted of a featureless mass 
surmounted by a head process. There was no definable 
perineum, vertebral column, thorax or abdomen, and no 
upper limbs. The umbilical cord was attached at the 
upper end of the trunk. The head process was covered 
by skin and had two auricular appendages on the right 
with an adjacent red polypoid process. A smear from 
the process showed epithelial cells with the chromatin 
pattern associated with the female sex. Internal 
examination was not performed. 

There was a bulky monochorionic placenta weighing 
760 g. One umbilical cord was normal and attached 
marginally. The othgr was thinner, contained one 
artery and one vein, and had a velamentous insertion. 


Case 9. A femalesibfant was born at full term to a 
primigravida mother aged 23, after a normal pregnancy. 
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- At three weeks she developed heart failure, which did not 
bag tae to treatment and she died at six weeks. 

. At autopsy the heart was grossly enlarged. There 
was hypoplasia of the ascending aorta and the aortic 
rch with a narrow elongated aortic isthmus and a wide 
ictus arteriosus. There was a small defect in the upper 
osterior part of the muscular ventricular septum. The 
ortic valve was bicuspid. The right umbilical artery 
was absent and the right common iliac artery was narrow. 









_ Case #9). A male infant was born at 31 weeks gestation 
after surgical induction of labour. The mother was a 
> primigravida aged 25 with fulminating pre-eclamptic 
<> toxaemia. The infant died 10 minutes after birth. 
At autopsy there were no congenital malformations. 
Much amniotic cellular debris was found in the lungs. 
The placenta was normal. The umbilical cord contained 
one artery and one vein and was otherwise normal. 


Case 11. A male baby was stillborn at 41 weeks to a 
para 3 mother aged 22. The antenatal history was 
normal, 

Autopsy examination showed a macerated baby with 
only one umbiical artery but no other congenital 
malformation, The placenta had a marginal infarct. 
The umbilical cord was normal apart from absence of 
one artery. 


Discussion 


There were 11 cases of single umbilical artery 
among 411 autopsies, an incidence of 2-7°. There 
is nọ comparable perinatal investigation poned in 
hodbetiure. Javert and Barton (1952) found a 
much lower incidence in foetuses aborted at four 
months. 

Nine of the 11 babies had severe associated 
malformations. and in eight the malformations were 
multiple. This incidence of 81% is comparable 
with the 76%, found by Benirschke and Brown 
(1955) and much higher than the incidence of 33% 
recorded by Hyrtl (1870), and the 56° of Otto 
(1830). There were malformations of the lower 
urinary tract in seven babies. One was a sirenoid 
foetus with no perineal orifices, one had valvular 
obstruction of the posterior urethra, two had 
extreme hypoplasia or agenesis of the bladder, and 
three had atresia or severe stenosis of the bladder 
neck. In two cases with bladder neck obstruction 
there was also rectal atresia. There were four cases 
with renal hypoplasia or agenesis, four cases with 
malformations of the heart, and two with oeso- 
phagea: atresia. Ballantyne (1904) stated that the 
commonest associated malformation was defective 
development of the bladder and sirenomelia. 
Benirschke and Brown (1954) found mainly mal- 
formations of the heart and central nervous system, 
while anencephaly was the commonest malformation 
found by Hyrtl (1870). y 
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There were two monovular twins. In both cases 
the other twin had two umbilical arteries and no 
malformations. There was also a high incidence 
of twinning in Benirschke and Brown’s (1955) cases. 
They found one monovular and four binovular 
twins, a total incidence of 9%. An abnormal cord 
was found in each pair. Hyrtl (1870) described 
female monovular twins (incidence 7%) and male 
triplets, one foetus in each set having the abnorm- 
ality. Schatz (1900) found 11 cases in monovular 
twins and one in a single foetus. In each case only 
one of the twins had one artery. 

There were seven placentas available for examina- 
tion. One was infarcted and the remainder were 
normal. One umbilical cord was abnormally long, 
one was short and a third had a velamentous 
insertion. Benirschke and Brown (1955) found a 
high incidence of placental anomalies such as 
circumvallation, circum-margination, velamentous 
insertion of the cord and extensive infarction. 
Ballantyne (1898) stated that the placentas of 
sympodia tended to show abnormalities of size, 
shape, consistency and mode of insertion of the 
cord. 

There were equal numbers of live and stillbirths. 
There was also a high incidence of stillbirths (76%) 
in Benirschke and Brown’s (1955) cases. Hyrti 
(1870) found only 7% were stillbirths, but this was 
probably due to autopsies being infrequently per- 
formed on stillbirths. 

There were equal numbers of male and female 
foetuses, and this agrees with the findings of most 
authors. Kampmeier (1927), however, found a 
male preponderance in sirenoids, and Hyrtl found 
only males in his series of 12 single foetuses. 

No correlation was found between the abnorm- 
ality and maternal factors. Of the mothers 60% 
were multiparous, and their ages ranged from 17 to 
25 years. The pregnancies were normal in seven 
cases, in one there was a threatened abortion, and 
in one toxaemia of pregnancy. Benirschke and 
Brown (1955) had found a high incidence of toxae- 
mia and hydramnios. 

The condition can be simply diagnosed at birth by 
careful examination of the cut surface of the umbili- 
cal cord. This is of little practical value in the 
presence of obvious gross malformations. There 
were no gross external malformations in six of the 
cases, however: two of these, Cases 10 and 11, 
showed no associated malformations at autopsy; 
two, Cases 5 and 7, had malformations incompatible 
with life; two, Cases 2 and 9, had malformations 
which may be amenable to surgical treatment. 
Therefore a newborn infant without gross malforma- 
tions visible externally, but with only one umbilical 








288 


k artery, has a 2:1 risk of severe internal malforma- 


~ tions, which may warrant early surgical correction. 


Summary — 

Eleven cases of single umbilical artery are des- 
cribed. They were encountered among 411 autop- 
sies on stillborn and live-born. babies under 8 weeks 
of age. Nine had severe associated congenital 
malformations involving | particularly the urinary 
tract. Absence of an. ‘umbilical artery can be 
diagnosed by simple examir ation of the cord at 
birth. In the absence of severe external malforma- 
tions such an infant has a 2:1 risk of internal 
malformations which may require early surgical 
treatment. 


I wish to thank Dr. A. H. -Cameron for his advice in 
the preparation of this paper. T would also like to thank 
Miss Arnold for her clerical assistance. 


Benirschke, K. and Brown, W.-H. (1955). 


"ARCHIVES OF DISEASE IN CHILDHOOD 


REFERENCES 


Ballantyne, J. W. E1898). The occurrence of a non-allantoic or 
cee agama in the humar subject. Trans. Edinb. obstet. 
oc., 23, 54 

ee - {1904}: ‘Manual of Antenatal. Pathology and Hygiene, Vol. 

. The. Embryo, p 2. Green, Edinb urgh. 

Bauhin, C. (1621). "Theatrumi. anatomicum, Lib. 1, cap. 13. Quoted 
by 'Hyrtt {1870}. 





A vascular anomaly of the 
uabaical cord. Obstet. Gynec: 6, 399. 


Browne, F. J. (1925). On the abnormalities of the umbilical cord 
which ı may cause antenatal death. J. Obstet. Gynaec. Brit. EMP., 


Hendry, D. W., and Kohler, H. G. (1956), Sirenometia (‘Mermaid’). 
J. Obstet. Gynaec. Brit, Emp.: 63, 8 

Hyrtl, J. (18570). Die Blutgefasse ‘der aiec Nachgeburt in 
normalen und abnormalen Verhdiinissen.  Braumiller, Vienna. 

Javert, C. T. and Barton, B. (1952). ‘Congenital and acquired lesions 
of the umbilical cord and spontancous abortion. Amer. Ji 
Obstet. Gynec. 63, 1065. 

Kampmeier, Q. F: {1927). On Sireniform ‘Monsters, with a considera- 
tion of the causation and. the. predominance of the male sex 
among them. Anat. Reca 34, 365, 

NDOANI. W. (1743). Uteri humani gravidi anatome et historia. 
Quoted by Barn GTD p p. 4 

Otto, A, W. (£830). Lehrbuch “der pathologischen Anatamie des 
Menschen und der Thiere. pris Berlin 

Richart, R- and Benirschke, K. (1958). Gonadal dysgenesis in a 
newborn infant. New Engl. “J. Med., 258, 9 

Schatz, F. (1900). Die Gefassverbindungen a * piacentabseisliufe 
ee ob. ie oa ihre Entwicklung: und ihre Folgen. rch. 

VP f 


THE ‘STIFF MAN SYNDROME’ IN A BOY 


BY 


DAVID BOWLER 


From the Paediatric Unit, Penang General Hospital 


(RECEIVED FOR PUBLICATION JULY 10, 1959) 


Tetanus is common in Malaya, and the case to be 
described, although first diagnosed as recurrent 
tetanus, is put forward as a case of the ‘stiff man 
syndrome or progressive fluctuating muscular 
rigidi*y and spasm. 


° Case Report 


In October, 1958, a Chinese boy, aged 7 years, was 
transferred to the Children’s Unit with a diagnosis of 
recurremt tetanus. According to the mother, he had 
been il) matermittently since 1957 when he was first 
admit ed to hospital complaining of stiffness of the body 
and nabdity to open his mouth. He apparently 
recovered from this :ilness, but was readmitted on two 
further occasions with similar complaints. For over 
one year he had been unable to open his mouth properly. 
Since August, 1958, this difficulty had increased so that 
taking sold food was impossible and he had been fed 
on. faces only. From time to time during the past year 
his face had ‘twisted up’ (mother’s description). His 
mother had brought him to hospital again because for 
the last. month he had been ‘stiff all over’ and had been 
having ‘fits’. She was quite certain that he had never 
had any injury, and that before 1957 he had been quite 
well, He had never been immunized. There were five 
other chilcren in the family, all of them well. 

He nad been in different hospitals three times. On his 
first admission in February, 1957, he had complained of 
trismus and stiffness of the back and abdomen. He was 
treated as a case of tetanus, although there was no history 
of injary, and he had no typical tetanic spasms whilst in 
hospital. He was admitted on two further occasions in 
April. 1987, and January, 1958. Each time his com- 
plaint was difficulty in opening his mouth, but rigidity 
of the abdominal muscles (they were described as 
‘board-like’}) was noted on examination. There was no 
involvement of the arms and legs, and the child was able 
to walk. In January, 1958, recurrent left facial spasms 
were noted for the first time. 

On each occasion the stiffness disappeared in about 
three weeks and he was discharged, although the inability 
to open fis mouth remained. No investigations were 
carried ouz, and no firm diagnos was made. 

In summary, therefore, since Mebruary, 1957, the child 
had suffered from a recurrent iiness involving stiffness 
of the abdominal muscles, tog&her with difficulty in 


opening his mouth. The latter complaint had become 
permanent and was associated with left facial spasms. 
When seen by me in October, 1958, the child was 
conscious, alert and lying quietly in bed. He lay like a 
‘wooden soldier’ with the head, trunk, arms and legs 
quite straight. The feet were plantar flexed and the 
hands were in the mains d’accoucheur position. There 
was a suggestion of risus sardonicus about the mouth, 
and the muscles of the neck, chest, abdomen and back 
were tense, clearly outlined, and appeared to be in a state 
of permanent contraction. There was no opisthotonus 
although there was marked neck stiffness due to the rigid 
neck and trunk muscles. The abnormal appearance and 





Fic. 1.—Appearance of child during a spasm. 
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feel of the muscles were absent in the legs and in the 
forearms. 

The child was intelligent and cooperative throughout 
what appeared to be a most painful physical examination. 
When at rest he was quiet but when examination was 
attempted there were violent intermittent spasms of the 
face and neck muscles. Each spasm lasted about 
30 seconds, was accompanied by profuse sweating and 
appeared to be extremely painful. The similarity to 
tetanus was marked, although the child was emphatic 
that the spasms were painless. They were precipitated 
by efforts to talk, to open the mouth, tapping the face, 
movements of the arms and legs, and by nursing pro- 
cedures (Fig. 1). 

The other muscles of the body, although remaining 
rigid, were not involved in the spasms. The child could 
open his mouth 0:5 cm. only (Fig. 2). It was interesting 





Fic. 2.—Demonstrating inability of child to open mouth. 


to note that the feel of the edge of the masseter muscles, 
which is so characteristic in tetanus, was absent in this 
child. Neither was any jaw jerk obtained. The child 
was unable to sit, turn in bed, or to stand. When he was 
supported on his feet there was an immediate increase in 
the rigidity of all muscles, including the limbs, together 
with the most violent spasms of the face and neck. The 
muscles of the trunk were hard and unyielding, and the 
abdomen was board-like. The feet became strongly 
plantar flexed. The child remained stiff and straight 
when lifted from the bed (Fig. 3) but could be ‘bent’ into 
a sitting position. 

Passive movements of the limbs showed some ‘lead 
pipe’ rigidity greater in the legs than in the arms. Active 
movements were carried out slowly, and power and 
coordination were poor, being limited by the stiffness. 
There was no weakness nor wasting of any particular 
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muscle group, and there were no involuntary movements 
(apart from the spasms), tremors, or muscle fibrillation. 
The limb reflexes were normal and there were no sensory 
abnormalities. During sleep the child was relaxed and 
the muscles were quite soft. Examination of the heart 
and lungs revealed nothing remarkable. 

The child remained in hospital for 30 days during 
which time the stiffness and rigidity of the muscles slowly 
regressed, regression being uniform throughout the 
affected muscles. The spasms became less violent and 
frequent and there was some improvement in his ability 
to open his mouth. Two weeks after admission the 
child was able to walk, but with a wooden stiff-legged 
gait. If he lost his balance he fell forward completely 
stiffly. At no time during his stay did he complain of 
any muscular pain. Apart from a high protein diet 
enriched with vitamins he received no specific treatment. 

At the time of his discharge he was fairly active. 
There was no stiffness nor tenseness of the muscles. 
The spasms had ceased and he could open his mouth 
1-Scm. He disliked trying to run because he said his legs 
felt heavy. Since discharge he has been seen regularly 
and has remained almost free from symptoms. He is still 
unable to open his mouth fully and he dislikes running. 
His mother says that occasionally his face ‘twists up’. 
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Fic. 3.—Demonstrating overall rigidity of child when lifted. 


Whilst in hospital he was investigated in detail. Blood 
biochemistry was normal (Na; K; Ca; CO, combining 
power; inorganic phosphate; plasma proteins; blood 
urea). A four-hour glucose tolerance test with simul- 
taneous phosphate estimations was normal. Liver 
function tests were normal, cerebrospinal fluid examina- 
tion was normal, as was the electrocardiograph. Radio- 
graphs of the skull and temporo-mandibular joints 
showed no lesion to account for his inability to open his 
mouth. The urine was tested repeatedly for reducing 
substances but they were absent on all occasions. Muscle 
biopsy was not performed. 


iscussion 


accurate term the stiff man 
used to describe this case. 
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THE ‘STIFF MAN SYNDROME’ IN A BOY 


Moersch and Woltman (1956), who first described 
the condition, labelled it more accurately progressive 
fluctuating muscular rigidity and spasm. They 
‘record having seen 14 cases (all adults) in 32 years. 


a In the case they described in detail there was 
episodic tightening of the muscles of the neck, which 


gradually increased in frequency, duration and 
extent. Four years after the onset of the disease 
“the neck muscles were permanently rigid, as were 
the muscles of the trunk, abdomen and back. The 


a rigidity was punctuated by moderately painful 


spasms, which were precipitated by a sudden jar or 
voluntary movement. Twelve years after the onset 
of the symptoms he still had the muscle rigidity and 
the spasms. Of the other 13 cases summarized, 
stiffness, rigidity or tightness was the chief initial 
= complaint. All cases had experienced spasms, but 
these were not always painful or marked. Ten of 
the ceses had a gradual onset and the muscles of the 
feck or trunk and shoulder were first affected. In 
all cases the stiffness spread to other muscles. 
Involvement of the hands and feet was minor, and 
the fece was not involved in any case. In no case 
was there any mental deterioration. The cases 
were followed up from three to 14 years, and in all 
except one there was a gradual increase in the 
disability. Ail cases were notable for the complete 
lack ef other physical signs, the failure of investiga- 
tions to reveal any abnormality and the failure of all 
treatment to influence the course of the disease. 
Asher (1958) and Price and Allott (1958) describe 
adult cases of this syndrome. In both cases, 
however, the descriptions differed from Moersch in 
that the feet and legs were heavily involved, causing 
a’ pronounced talipes equinovarus. In Asher’s case 
there were additional mental changes. Similarly, 
the present case differed from the description of 
Moersch in that there was marked involvement of the 
face, although in other respects the similarity was 
close. 
lf this syndrome is to be admitted as an entity, 
therefcre, it seems that any group of muscles may be 
involved initially and that the course of the disease 
is subiect to wide variations. The only common 
factor is the fluctuating rigidity, coupled with an 
almost complete lack of other abnormal findings, 
and the failure of all forms of treatment. | 
Clinically the syndrome resembles recurrent 
tetanus in many ways. True second attacks of 
tetanus in the same patient are very rare. I have 
founc only two clear references in the literature 
(Mobus, 1950; Gunaratna, 1958). Westwater (1917) 
mentions a case, but as the affack followed a gunshot 
wound, and as it is*not cle@r whether the case had 
any surgical treatment, this kase may be a recrudes- 
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cence due to the persistence of a foreign body. It ts 
surprising that so few cases of true second attacks 
of tetanus are on record, since a clinical attack of 
tetanus does not give any immunity to subsequent 
attacks (Spaeth, 1949). Professor Adams of Dur- 
ban states that in a series of 360 cases of 
tetanus he has not seen any true second attack. 
Chronic recurrent tetanus due to the persistence of a 
foreign body or focus of infection in the tissues is 
relatively well known (Mouchet, 1916; Adams,1958). 
The clinical picture of tetanus can vary very widely, 
with few or many muscle groups involved, and with 
any degree of hypertonus. The tetanic spasms may 
be absent or present in any degree of severity. 

Nevertheless, the picture of the stiff man syn- 
drome, when viewed as a disease process in time, is 
quite unlike that of tetanus, and on clinical grounds 
alone it is reasonable to assume that there is no 
relation between the two conditions. 

It has been suggested (Leading article, 1956) that 
the stiff man syndrome may be due to degenerative 
changes in the basal ganglia and that the syndrome 
is a variant of dystonia musculorum deformans. 
Superficially there are similarities between dystonia 
and the stiff man syndrome. Wechsler and Brock 
(1922) described a variant of dystonia in which the 
involuntary movements were largely absent and in 
which muscle rigidity was the predominant dis- 
ability. In both dystonia and the stiff man syn- 
drome muscle stiffness and rigidity, which slowly 
spreads, is the presenting disability. The end 
result of both diseases is associated with deformities. 
In dystonia, however, involuntary movements are a 
marked feature of the disease and there are often 
mental changes (Ford, 1952). However, apart from 
muscle spasm and stiffness, the two syndromes 
appear to have little in common. Although the 
present case has not been followed long enough, all 
the other reported cases showed no clinical evidence 
of degenerative brain changes. 

I have thought it of interest to report this case 
since, like the cases reported by others, it does not 
appear to fit any recognizable condition, and so far 
the syndrome has been reported only in adults. 


Summary 


A case of the stiff man syndrome or progressive 
fluctuating muscular rigidity is described. The 
condition is briefly reviewed. 
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GOUT AND 
CEREBRAL PALSY IN A THREE-YEAR-OLD BOY 


BY 


IAN D. RILEY 
From Stobhill Hospital, Glasgow 


(RECEIVED FOR PUBLICATION JULY 6, 1959) 


Gout is very uncommon in children, and its 
appearance in a patient with cerebral palsy does not 
appear to have been recorded before. 


Case Report 


A.W. was born on January 20, 1951, at full term after 
a norma! delivery and weighed 7 lb. 6 oz. He was 
adopted after medical examination aged 1 week. He 
was slow to sit up, his muscle tone was poor and at 
1 year a diagnosis of cerebral palsy was made. In May, 
1953, a ganglionic swelling was removed from his left 
foot which contained amorphous debris on histological 
examimetion. He was then showing signs of athetosis, 
for which physiotherapy was prescribed, and he was sent 
to a day school for children with cerebral palsy, which 
he stil! attends. In the same year he was admitted to 
hospital for investigation but developed pneumonia, 
after which the athetosis became more pronounced. In 
September, 1954, he developed diffuse painful swellings 
of the fingers and toes. Radiographs of the hands and 
feet revealed no abnormality and the sedimentation rate 
was 9 mim./hr. (Westergren). A diagnosis of Still's 
dis¢ase was made and aspirin prescribed. In 1956 he 
suffered an exacerbation of his symptoms and in 1958, 
after a period of absence from school on account of pain 
and restlessness, he was seen with gross swellings of the 
fingers and toes. These were lilac in colour and studded 
with white calcareous deposits. The skin was ulcerated 
in several places and the appearances were those of gout. 
His bleod uric acid at that time was 10-6 mg.°% and he 
was treated with colchicine ły gr. four times a day. 
Ten dzys later his restlessness was much improved and 
the lesions were less inflamed, but the dose had to be 
reduced to sip gr. on account of diarrhoea. This was 
later augmented with benemid. Shortly afterwards, as a 
result of infection entering through one of the ulcerated 
topi.i, he developed a large abscess in his right forearm 
‘which however healed rapidly after incision but left him 
emaciated and anaemic. He was transfused on account 
of iron mtolerance and the anaemia did not recur. 
While m hospital his lower lip became severely ulcerated 
and six teeth were extracted under general anaesthesia. 
This in turn led to bronchitis itako which he recovered. 
After a seaside holiday he becaméfmuch better nourished. 
On September 19, 1958, he develoed a severe generalized 
convulsion from which he recove-td rapidly. 

e 






At the present time he is a surprisingly contented child 
with a high grade mental defect. He can speak with 
difficulty and can assimilate simple teaching. He is very 
emaciated, weighing only 25 Ib. at 7 years (Fig. 1) and he 





Fic. Note 


1.—Showing emaciation and characteristic posture. 
bitten lip. 


suffers from severe generalized athetosis with extensor 
spasms. Hecan neither sit nor stand unaided, grimacing 
is frequent, speech and swallowing are impaired and he 
salivates continually. The gout involves both hands and 
feet (Figs. 2 and 3) and the lobes of the ears. The digits 
are red and swollen with numerous white uratic deposits, 
and although partially controlled by treatment exacerba- 
tions are frequent. There has been no evidence of a 
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Fic. 2,—Ulcerated gouty lesions of hand, 


return of his anaemia and bone marrow examination 
shows no evidence of leukaemia. 

Other laboratory examinations include: 24-hour uric 
acid output 504 mg.; blood urea 30 mg.%; Mantoux 
reaction negative. Radiographs show gouty changes in 
the hands (Fig. 4) and also subluxation of the right hip. 
Chromatography of the urine shows no abnormality. 


Discussion 


Gout is very uncommon in childhood. Bernstein 
(1947), in an excellent historical review, says that 
Hippocrates, Sydenham and Heberden never saw it 
and that Hippocrates believes that it did not occur 
before puberty. 

Sydenham, who developed gout at 25, would 
certainly have remarked on it had he seen it. The 
first writer to describe it was Morgagni: ‘Ipsi puellas 
vidi qui infanta vix peracta, acerbis articulorum 
doloris, prehensi decumbant’. The next writer is 
Gairdner (1854), who says that he had seen an 
infant on the breast who had a strong family 
history of gout. Still (1927) and Garrod (1876) also 
make reference to juvenile cases. 
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Fic. 3.—Gout and tophi on foot. Also inflamed ganglion. 


In modern writings two types of juvenile gout are 
recognized, a rare, often fulminating type identical 
with that seen in adults, and a more common form 
associated with leukaemia or haemolytic anaemia. 
A further type associated with chronic liver disease 
has also been described. The first detailed descrip- 
tion in a child is that of Mayer von Schopf (1930) in 
a baby of 5 weeks. This appears to have been of 
the adult type although it was associated with an 
anaemia. Death resulted from broncho-pneu- 
monia. Two cases are recorded at 34 years, one by 
Vining and Thompson (1934) in a child with 
leukaemia, and another by Rauch (1950) with 
symptoms from 3 years. Apart from these cases all 
the others were observed after the age of 10. The 
maximum incidence of gout is in the fifth decade, 
and it declines in frequency in youth and age. 
Examples of gout in young persons are described by 
Claiborne (1940) at 17 years, Bernstein (1947) at 
12, 14 and two at 16y Berk (1948) at 11 and Flinchum 
and Powers (1951) fat 15, 26 and 25. Gout and 
leukaemia in a bo of 11 is recorded by Franck 
(1944), and anae and gout are recorded by 
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FIG. 4. 


Nordmann and Höhne (1951) in a child of 12; 
Morgano and Zino (1953) and Lambie (1940) also 
report cases. Jeune, Charrat and Bertrand (1957) 
deScribe two interesting cases of chronic liver disease 
associated with a high blood uric acid, one of whom 
suffered from gout. 

No connexion between gout and disease of the 
central nervous system has been described apart 
from the degenerative vascular changes which it 
produces and one case of tophi in the spinal cord 
causing paraplegia (Koskoff, Morris and Lubic, 1953). 

In the present case we believe that the poor 
general condition of the patient, which resulted 
from his cerebral palsy, may have aggravated an 
inherited gouty diathesis and resulted in the prema- 
ture appearance of symptoms. 


Summary 
Gout is described in a boy with athetoid cerebral 
palsy. The disease was first observed at the age 
of 3 years. No connexion ketween the two con- 
., ditions could be established. t 


The boy remains under the&care of Mr. Kenneth 
Guest, F.R.C.S., and I am much indebted to him for 
p 


Radiograph of hands showing erosions and calcareous deposits. 


referring him to me and allowing me to publish this 
report about him. 
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Gicht bei einem 34 jahrigen Madchen. 


CALCIFICATION OF THE DIGITAL VESSELS IN A CHILD 
WITH RHEUMATOID ARTHRITIS 


CONSTANCE C. FORSYTH 
From the Department of Child Health, University of St. Andrews, Queen's College, Dundee 


(RECEIVED FOR PUBLICATION JULY 6, 1959) 


Calcification of blood vessels occurring during the 
course of rheumatoid arthritis in a child appears to 
be unique. It is hoped therefore that this report 
will be of interest. 


Case History 


The girl is now 9 years old. Her illness began at the 
age of 2 years with fever, joint swellings, pericarditis with 
effusion, rash, splenomegaly, lymphadenopathy and 
anaemia, indeed the full clinical picture of Sull’s disease 
(1897). There was a family history of rheumatic fever 
on both the paternal and maternal sides but none of 
rheumatoid arthritis. She was treated along conservative 
lines in the Royal Hospital for Sick Children, Edinburgh, 
for one year and then, during her second year there, she 
was given 20 mg, of A.C.T.H. gel daily for six months 
followed by 25 mg. of A.C.T.H. gel every second day 
for six months. Only slight improvement was noted 
and later it was found that she could be just as well 
controlled on 50 gr. of aspirin daily. By the time of her 
discharge home the heart had returned to normal but the 
joints of all four limbs were still affected and also the 
cervical spine. She could walk a little with support. 

The family moved to Dundee shortly afterwards. One 
month later, at the age of 43 years, she was admitted to 
Dundee Royal Infirmary with a recurrence of pericarditis 
and widespread acute arthritis. During the ensuing 
eight months of complete bed-rest, despite such physio- 
therapy as she could tolerate, the condition of the joints 
deteriorated. When the pericarditis had resolved, after 
rather a stormy course with heart failure, the child was 
transferred to the Children’s Orthopaedic Unit so that 
serial plasters could be made to improve the position 
of her joints, in which movement was very limited. She 
was there for five months but again her general condition 
gave cause for anxiety and she was returned to the 
paediatric ward. k 

It was then evident that after three years of active 
rheumatoid arthritis she had developed amyloid disease. 
The liver was more than a hand's breadth enlarged and 
the spleen three fingers’ breadths enlarged. There was 
gross albuminuria (between 600 mg./100 mi. and 1,200 
mg./100 ml.) in the 24-hour samples. None of these 
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findings had been present six months previously. No 
biopsy was taken as neither the skin nor the lymph nodes 
were involved, but the Congo red test showed 95% 
fixation of dye by the tissues in one hour. Although tHe 
heart was again clinically normal the arthritis had become 
even more severe. There was marked dilatation of 
capillaries at the base of the nails. She could not grasp 
objects with her hands or move them to her mouth and 
she could not stand or attempt to walk. Her neck was 
fixed and her back rigid. Her general condition was 
poor; she was miserable and suffering a great deal of pain? ~ 
It was therefore decided to try hormone therapy again. 
Relatively higher dosage was given on this occasion, 
namely 20 mg. prednisolone daily for four weeks followed 
by a gradual reduction to 10 mg. daily. The improve- 
ment was striking. Within two months she could feed 
herself and walk slowly on her own. The B.S.R. fell 
to normal and remained so for the first time since the 
onset of her illness. Long term therapy had therefore 
to be considered. x 
In order that a check might be kept on the osteoporotic 
effect of hormone therapy, radiographs were taken of the 
entire skeleton. These showed gross generalized skeletal 
decalcification with fusion of the inter-articular processes 
of the cervical spine and collapse of the fourth to the 
tenth thoracic vertebrae inclusive (Fig. 1). The lumbar 
vertebrae were normal. Previous films had shown a 
normal cervical spine at 3 years but early fusion of the 
inter-articular processes was present at 4} years when 
she was first examined radiologically in Dundee. On 
neither occasion had a radiograph of the thoracic spine 
been ordered but one film taken at 4} years showed 
collapse of the fourth to the seventh thoracic vertebrae 
at which point the film was cut off. In addition to the 
generalized skeletal decalcification there was calcification 
of the digital blood vessels of the hands and feet (Figs. 2 
and 3), almost certainly arterial, although arteriography 
would have been necessary to prove it. A radiograph of 
the hands two years previously had shown some osteo- 
porosis around the affetted joints but no calcification of 
the digital vessels. By ghis time the child had been giver, 
a total of 1:47 g. f preanisolone. In spite of the ~ 
vertebral collapse and vere osteoporosis it was decided 
A 


Fic. 1.—Radiograph of spine showing osteoporosis and deformity of 
vertebrae. 












Fic. 2—Radio- 
graph of hands 
showing calci- 
ficatior of the 
digital blood 

vessels. 
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FiG. 3.—Radiograph of feet showing calcification of the digital blood vessels and the first right metatarsal artery. 


to continue hormone therapy in view of the striking 
clinical improvement obtained. 

A calcium balance was then undertaken to see whether 
the use of methylandrostenediol would increase the 
retention of body calcium (Fischer and Hastrup, 1954). 
The results are summarized in Table 1 for the balance 
period of 30 days. The diet which the child had been 
taking for some time and which contained a large 
amount of milk was first analysed and then kept con- 


TABLE 1 


RETENTION OF BODY CALCIUM AND PHOSPHORUS 


a 


Average Daily 














- — | Percentage 
Intake Output Retention| Daily 
(mg.) (mg.) | Retention 
Urine Stool 
(mg.) (mg.) 
Calcium 1,140 27 439 674 59 
Phosphorus | 993 134 316 543 | 55 
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stant. She had not been having vitamin D supplements 
and none were given during the balance. The calcium 
balance was carried out for 10 days on 10 mg. of predni- 
solone daily. On the eleventh day methylandrostene- 
diol, 30 mg. daily, was added and the balance was 
continued for another 20 days. No change in calcium 
or phosphorus retention due to the methylandrostenediol 
was noted. The calcium and phosphorus balances were 
yery strongly positive throughout the whole period. The 
average calcium retention by children of early school age 
was reported as 26% of the intake by Holmes (1945). 
This child was retaining 59% of her calcium intake. 

The considerable retention of calcium in spite of 
continued prednisolone therapy was thought to be due 
to the process of recalcification of the skeleton brought 
about by increased exercise. The calcium balance had 
presumably been negative during the protracted period 
of bed rest. The biochemical findings at the time of the 
balance are summarized in Tabļe 2. The only abnormal- 
ity was a rise in globulin to 4:2 g./100 ml. with a norm Ă 
albumin of 4-2 g./100 ml. Electrophoresis showed an 
increase in % and y globulins cons&{temt with some 
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activity of the rheumatoid arthritis. The B.S.R. 
was 18 mm./hour (Westergren) on the same blood 
sample. 


TABLE 2 
BIOCHEMICAL FINDINGS 





Calcium = 10-6 mg./100 ml. 

Phosphorus = 3-8 mg./100 ml. 

Alkaline phosphatase= 16 K.A. units/100 ml. 

Urea = 20 mg./100 ml. 

Cholesterol = 180 mg./100 ml. 

Bilirubin = 0-5 mg./100 ml. 

Sodium =139 mEgq./I. 

Potassium = 4-8 mEg./lI. 

Chloride = 99 mEq./lI. 

Albumin = 4-2 g./100 ml. 

Globulin = 4-2 g./100 ml. 

Total = §8-4g./100 ml. 
i 


After five months’ treatment with prednisolone 
the child was able to wash and feed herself and walk 
on her own and so she was allowed to go home. At 
home she has continued to improve gradually on 
prednisolone therapy, 10 mg. daily for two years | 
and, more recently, on 7-5 mg. daily. She can 
now walk a quarter of a mile. During this 


_-#fEriod the amyloidosis has regressed with much 


diminution in the size of the liver and spleen and a 
reduction of the albuminuria to 25 mg./100 ml. in the 
24-hour collections. As previously given, the Congo red 
test in January, 1955 showed 95%, fixation of dye by the 
tissues at the end of one hour. In May, 1956 the fixation 
was 87%, in December, 1956 it was 75%, in March, 1958 
it was 56% and in March, 1959 it was 65%. Recent 
radiographs show that general recalcification of the 
skeleton has taken place although it is not yet normally 
calcified. There is in addition a diminution in the 
calcification of the digital vessels. At no time has 
the blood flow to the digits appeared deficient. On the 
contrary, one persistent sign of activity has been the 
dilatation of capillaries at the base of the nails. The skin 
has never shown any thickening suggestive of dermato- 
myositis, however, and there were no lupus erythemato- 
sus cells in the blood samples examined. 

The blood pressure is now 130/100 mm. Hg, whereas 
before A.C.T.H. therapy it was 110/80 mm. Hg. While 
20 mg. of prednisolone was being given daily it was 
150/120 mm. Hg. 

The child’s growth has been retarded since the onset 
of her illness. Even during this last year when she has 
been in better health than in previous years there has 
been an increment of 4 in. only in height. The height of 
43 in. at 9 years is well below the third percentile and the 
weight of 47 Ib. is at the third percentile. Her weight 
has been kept reasonable by slight dietetic restriction. 
The bone age, judged by the mattiration of the skeleton 


whole, is 13 years,,i.e. four years in advance, and 
enstruation occurred abnormaily early at the age of 


- 8 years. Pubic hair is present but no axillary hair has 


appeared. Thg§e is early breast enlargement (Fig. 4). 
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Fic. 4.—Patient aged 9 years. 


To summarize, this child has suffered from active 
rheumatoid arthritis for seven years. During the course 
of her illness pericarditis has occurred twice. She has 
developed amyloidosis and gross decalcification of the 
skeleton with vertebral collapse and calcification of the 
digital vessels. Prednisolone therapy, even at a late 
stage, led to a marked improvement in her condition. 


Discussion 


It is interesting that prednisolone therapy pro- 
duced so much improvement in this child after four 
years of severe rheumatoid arthritis, when A.C.T.H. 
gel, admittedly in relatively smaller dosage, was 
ineffective in the early stages. The hypertension is 
probably due to prednisolone but it should be noted 
that the blood pressure tended to be high even 
before A.C.T.H. was first given. Early menstrua- 
tion may also be the result of hormone therapy. 
Stunting of growth due to the disease would be 
expected but may have been accentuated by pred- 
nisolone. The disparity between the stunting and 
the advanced bone age is difficult to explain, 
although the advanced bone age and early menstrua- 
tion may be related pituitary effects. Amyloidosis 
is a rare, although recognized, complication of 
rheumatoid arthritis in childhood. Its regression 
with improvement in the rheumatoid condition has 
been described by Parkins and Bywaters (1959). 

The vertebral collapse was first noted at the age 
of 44 years following one year’s treatment with 
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A.C.T.H. in very moderate dosage. It is unfortun- 
ate that radiographs were not taken immediately 
before prednisolone therapy was begun because in 
retrospect it is not possible to separate the possible 
effect of the hormone from that of immobilization 
in producing generalized decalcification of the 
skeleton and concomitant calcification of the digital 
vessels. No other tissues appear to be involved in 
the process of metastatic calcification. 1 think that 
the severe decalcification was chiefly due to pro- 
longed bed-rest with almost complete immobilization 
of the joints due to rheumatoid arthritis and pos- 
sibly not at all to A.C.T.H. or prednisolone therapy 
in view of the small to moderate dosage employed 
(Welch and Forsyth, 1953; Luder, 1954). This 
view is substantiated by the finding of a strongly 
positive calcium balance in the month in which the 
radiographs were taken and by the gradual recalcifi- 
cation of the skeleton which followed during the 
next three years of continuous prednisolone therapy. 
Along with this improvement in skeletal calcification 
it is of interest to note the diminution in calcification 
of the digital vessels. 

Regarding the aetiology of the calcification of the 
digital vessels, several possibilities must be con- 
sidered. 

Although amyloidosis affects blood vessels, 
calcification of the deposits in the vessel walls does 
not occur. 

Calcification of peripheral vessels has been 
described in a few children with severe chronic 
renal disease, e.g. hydronephrosis, polycystic kid- 
neys, chronic glomerulo-nephritis, aplastic kidneys 
or renal tubular disease (Stryker, 1946; Andersen 
and Schlesinger, 1942; Cochrane and Bowden, 
1954). Secondary hyperparathyroidism is ruled out 
as a cause of metastatic calcification in this patient 
because of the normal serum calcium and phos- 
phorus levels and the normal blood urea despite 
amyloidosis of the kidney. 

In infants, calcification of the coronary arteries 
with death from heart failure has been described by 
several authors (Baggenstoss and Keith, 1941; 
Andersen and Schlesinger, 1942; Stryker, 1946; 
Cochrane and Bowden, 1954; Hunt and Leys, 1957). 
The aetiology of the calcification in these cases was 
unknown and, although some of the large arteries 
were involved occasionally in addition to the 
coronaries, the digital vessels were not affected. 

The rare condition of pseudoxanthoma elasticum, 
if widely disseminated, may be associated with 
calcification of the vessels due to an infiltration of 
the degenerated elastic tissue by calcium phosphate. 
This child, however, did not show the skin dis- 
colouration or eye changes associated with this 
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disease. Neither did she have the skin changes of 
dermatomyositis which may be associated with 
subcutaneous deposits of calcium. 

Vascular calcification in children has been 
described in hypervitaminosis D and also in severe 
forms of idiopathic hypercalcaemia (Schlesinger, 
Butler and Black, 1956; Rhaney and Mitchell, 1956). 
In retrospect, idiopathic hypercaleaemia was prob- 
ably present in a similar case described by Lightwood 
(1932). In these conditions osteasclerasis occurs. 
Moreover there is no record of the present child 
having received extra vitamin D. 

It is well known that hormone therapy may lead 
to osteoporosis and that in Cushing’s syndrome 
renal calculi may form. However, no reference 
has been found to digital vessel calcification due to 
hormone therapy. 

Acute and subacute forms of arteritis associated 
with rheumatoid arthritis have been discussed 
recently in the literature (Levin, Rivo, Scott, 
Figueroa, Fred and Barrett, 1953; Cruickshank, 
1954: Kemper, Baggenstoss and Slocumb, 1957), 
but no mention has been made of calcification of 
the affected vessels. 

Immobilization by bed-rest and particularly total 
immobilization in severe joint disease causes 
marked skeletal decalcification. Hypercalcaemia 
with renal calculi formation may follow but calcifica- 
tion of vessels has not been noted in the literature 
from this cause. 

One cannot therefore be dogmatic regarding the 
aetiology of the digital vessel calcification in this 
child. It seems most likely, however, that prolonged 
immobilization led to decalcification of the skeleton 
with liberation of calcium which became deposited 
in digital vessels possibly damaged by rheumatoid 
disease. 


Summary 


A girl crippled by rheumatoid arthritis, compli- 
cated by amyloid disease, was found to have 
calcification of the digital vessels in association with 
widespread decalcification of the skeleton. After 
prednisolone therapy she was able to walk again. 
In the next three years considerable recalcification 
of the skeleton occurred with some diminution in 
the calcification of the digital vessels and marked 
regression in the amyloid disease. 


I should like to thank Professor J. L. Henderson for 
his encouragement to, publish this report, and Professor 
R. W. B. Ellis for access to the Edinburgh records The 
calcium balance estimations were made by Dr. T. Rj 
then of the Department of Pathology, Queen's Colleges 
and the photographs were prepared by Mr. T. King, 
Queen’s College. 
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BILATERAL TRIGGER THUMB IN INFANTS 


BY 


THEODORE JAMES 
From Pinelands, The Cape of Good Hope 


(RECEIVED FOR PUBLICATION JULY 10, 1959) 


‘Trigger thumb’ or ‘snapping thumb’ in infants is 
a curious digital restriction in the very young and 
perhaps is best referred to as a tendovaginitis 
stenosans of the sheath of the flexor hallucis longus 
muscle as it is found in infants. The characteristic 
feature of this condition is the sudden overcoming 
of involuntary resistance occurring in the normal 
range of movement of the interphalangeal joint of 
the thumb, after which movement is again free. 
Sometimes the sudden overcoming of the resistance 
is accompanied by a snap. When the physician 
first sees the infant the interphalangeal joint of the 
thumb is usually actively inextensible beyond an 
angle of about 150°. Frequently flexion from full 
extension is blocked at a slightly more obtuse angle 
in the same child but the resistance is more readily 
overcome voluntarily by the stronger flexor tendon. 

The recognition of this entity has been mentioned 
in one or two American text-books of orthopaedic 
surgery and it has been written about in the con- 
tinental European literature but there is scarcely a 
mention of it in the British medical press other than 
two case reports of the bilateral condition by Rose 
(1946) in Australia. For this reason a case of 
bilateral trigger thumb in an infant of 14 months 
is submitted. Also, it clearly fixes the manner and 
time of its clinical appearance. 


Case Report 


T.S. was just 14 months old when her father, who was 
fond of playing with his young children, noticed for the 
first time that her left thumb seemed fixed in flexion 
(bent at the knuckle’). He believed that had this 
persistent digital flexion been present earlier he would 
have observed it. No other member of the family group, 
in which there were five adults (including two grand- 
parents), had seen or remarked upon the state of the 
thumb. The father, therefore, was inclined to believe 
that the limitation of movement had come on suddenly. 
At the time of his initial observation he immediately 
compared the two thumbs but the active and passive 
ranges of movement of the other thumb were normal as 
far as he could make out. 

When the parent brought the infant for advice it was 


noted that the affected thumb’s interphalangeal joint 
could not extend beyond about 135°, to which angle 
both active and passive movements were painless. 
Forced passive extension to the maximal normal limit 
was sudden and painful enough to make the infant cry. 
Soon after, within five minutes of the forced passive 
extension, the joint spontaneously resumed its position 
of persistent restricted extension. Palpabie over the 
fiexor pollicis longus tendon and at the head of the first 
metacarpal was a lentil-sized nodule in the subcutaneous 
tissue. The diagnosis was straightforward. However, 

no comparable nodule in the other thumb was noted at 
the time. An open operation to split the tendon-sheath 
only was successful and the skin sutures were removed 

eight days later. At this time comparison again of the, 
two thumbs showed no functional difference; but 10 days 

after the removal of the sutures, or 18 days after the 

operation, the observant father saw with interest and 

some little distress that an identical limitation of extension 

of the other thumb had taken place. 


Review of the Literature 


In 1933 Compere collected notices of 40 cases gi 
trigger thumb and established its rarity in infancy. 
His collection included bilateral cases in adults and 
these were comparatively frequent. There were 
only two reports of cases in children. His case 
of bilateral snapping thumb came to him when she 
was 20 years old and she was able to recall that she 
had had the condition without any real disability 
resulting since the age of 4 years. His other case 
he saw when the baby was 9 months old but the 
mother informed him that both thumbs snapped 
into extension soon after birth. 

Compere (1933) quotes Hauck reporting an infant 
girl with bilateral involvement. So up to the time 
of Compere’s article only three instances of bilateral 
trigger thumb appear to have been reported, of 
which two were in the infant age group. Lipscomb 
(1944) reviewed 190 cases of tendovaginitis stenosans 
and found among them only 11 of the thumb, none 
of these unilateral and none in children. In 36 
Jahss made a point of the fact that because of the - 
rarity of trigger thumb in infants he had not had a 
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had been ‘congenital contracture of the thumb’. 
_ reported nine cases. 
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case referred to him for treatment that had been 


correctly diagnosed. Most of the diagnoses made 
He 
None of the mothers of his 


eases could recall exactly how long the condition 


had beer present in her child. 


Jahss states that he 


actually saw 15 cases but confirmed only 10 by 


‘other thumb. 


f ve: operation and their ages ranged from 34 months 
to 18 years. 


Three were bilateral and their ages 
15, 2and 14 years when he saw them. In 1946 Rose 


in Australia published two more instances of trigger 


~ thumb in both hands, the ages of the infants being 
9 months and 2 years respectively. 


Sprecher (1949) 
in America reported 12 cases, in none of whom was 
there ar audible snap. In four, locking of the 
thumb had teen noticed immediately or soon after 
birth, and in the others before the age of 3 years. 
In three of Sprecher’s cases both thumbs were 
affected and in two cases with one thumb showing 
the iinaftation the other thumb was functioning 
normally although a palpable nodule was present in 
the tendon. Sprecher refers to Beck who reported 
six cases but no details are given. Zadek (1942) 
also cescribed two unilateral cases in whom there 
was synaptomiess thickening on the tendon of the 
In 1953 White and Jensen discussed 
a series of mine cases of trigger thumb, whose ages 
ranged from 15 months to 6 years. Two cases had 
a familw history and five patients came from the 
same island in the Hawaiian Group. All cases 
were unilateral. It was in 1953 also that Chiari 
was able to give the results of his own method of a 
subcutaneous operative approach to the stenosed 

tof the tendon sheath in 100 children. Although 
Chiari admits to the stenosis being found for the 
first time in later infancy and childhood, he never- 
theless. rather unhappily uses the term congenital 
contrac:ure of the thumb (angeborenen Daumen- 
kontraktur}. There is no doubt from his article 


that his 100 cases were all stenosing tendovaginitis. 


His cortribution would have had an added value if 
Chiari tad analysed his remarkable series into age 


groups, sex, time of onset, whether uni- or bilateral 


and se on. It is to be hoped that he will do so. 
That Chiari was able from his own practice to 


_ collect 100 cases on whom to apply his surgical 
technique suggests the probability that there were 


others. differently treated and that in his part of the 


world trigger thumb is not so rare an entity as we 


are inelined to regard it. 


P Discussion’ 
{F have been able to Collect nine undoubted cases 


of bilateral trigger thumb in infants from my review 


Of the availablgliterature. About 25° of the cases 
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manifesting trigger thumb in infancy have been 
bilateral. When one attempts an aetiological hypo- 
thesis which excludes trauma, the causative factor 
for trigger thumb in adults, one inclines to wonder 
why it is that many more, if not all cases, do not 
sooner or later become bilateral. Perhaps closer 
follow-up observation of unilateral trigger thumb is 
desirable. Despite Chiari’s big series which leaves 
an impression that tendovaginitis stenosans is not 
uncommon, all available evidence emphasizes the 
rarity of the bilateral state. 

Clinical recognition of the stenosed sheath of the 
long flexor tendon of the thumb in infants is made 
by the fact that there is a persistent, painless limita- 
tion of extension of the digit to an angle of about 
150°. Passive attempts to extend the interphalan- 
geal joint fully are somewhat painful but possible 
and sudden, when a snap may be heard. Once the 
joint is fully extended passive flexion is neither 
painful nor will it produce a snap. Some parents 
have given a history of a gradual increase of resis- 
tance to full extension and the production of the 
trigger thumb effect, and eventually a complete 
locking of the joint at a definite angle. The thumb, 
when first seen in the locked state or when no 
attempt has been made passively to overcome the 
resistance to extension, has been confused with a 
true congenital contracture of the thumb. In this 
latter disability, however, there is hyperextension of 
the metacarpophalangeal joint and flexion of the 
interphalangeal joint, both of which are fixed. 
Compere mentions rheumatism, neuritis, periostitis, 
tenosynovitis, tuberculous osteitis, and recurring 
dislocation at the interphalangeal joint as some of 
the mistaken diagnoses in his experience. 

Whereas trigger thumb in adults is of fairly 
frequent occurrence and can usually be associated 
with a story of preceding repeated minor trauma, 
bilateral trigger thumb in adults is rare and unrelated 
to infancy. In infants there has been no history 
forthcoming of any sort of trauma excepting one 
case of Zadek’s in which there had been definite 
injury to the thumb so that it was treated at first as 
a traumatic dislocation and only later did an 
antecedent trigger thumb show up. In my case the 
onset of the bilateral manifestation could be looked 
on as a simultaneous happening. 

The stronger pull of the flexor tendon keeps the 
nodule on the proximal side of the stenosis, the 
primary pathology being in the tendon sheath, 
and Zadek regards the tendon thickening as a 
reaction to pressure on the tendon by the stenosing 
band. In one case he states that the tendon was 
oedematous. Jahss described a pathological study 
of the sheath in which there were hyalinized connec- 


304 


tive tissue and fibrous villi but there were no adhes- 
ions and no free fluid. 

Because trigger finger and trigger thumb in adults 
can almost always be associated with trauma, 
Compere postulates that in infants there is a pre- 
disposing factor and he proposes that it is the 
acuteness of the angular change of course and pull 
of the flexor pollicis longus tendon at the meta- 
carpophalangeal joint; but if this were the factor 
or even a factor it has been stated that the condition 
would be much more common, certainly in its 
bilateral form. It has also been postulated that a 
congenital anomaly of muscle insertion initiates the 
condition in the foetus which might account for 
those cases discovered at or soon after birth. The 
lateral head of the flexor pollicis brevis muscle 
and the adductor pollicis muscle have been incrimin- 
ated. Possible additional bands between these two 
muscles and passing over the tendon sheath of the 
long flexor, or an abnormally close relationship 
between these three muscles may be extra factors, but 
surgical enquiry has not supported these ideas. 
And yet a variation of the short flexor muscle of the 
thumb has been described in which a part of the 
muscle may be inserted separately into the ulnar 
side of the proximal phalanx of the thumb with the 
adductor muscle, when it is known as the first 
volar interosseous muscle. To reach this point of 
insertion the shorter muscle would have to cross 

the long flexor tendon of the thumb. 

Sprecher sectioned a piece of the involved part of 
the tendon and reported evidence of trauma indi- 
cated by numerous lymphocytes and monocytes in 
the stroma of the tendinous tissue. So Sprecher 
believes that the child’s tendency to grasp its thumb 
into its palm produces a sharp kinking of the tendon 
over its ligamentous attachment to the bone and 
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that this is enough to provide the necessary trauma. 
He was also of the opinion that because the new- 
born infant will grasp its thumb in this way it could 
hold it in the same way in utero. 

Whether any ethnic influence plays a role is 
unknown, but a hint of some such possible factor 
has been put out by White and Jensen who recorded 
a family history in two of their cases and five others 
of Filipino ancestry who came from one isiand in 
the South Pacific. Chiari’s series was collected in 
Germany. My case came of allegedly pure Ger- 
manic and Sicilian stock. 


Summary 


An account is given of a curious affection of the 
sheath of the long flexor tendon of the thumb in 
infants. Although the incidence of the unilateral 
condition is by nearly all reports rather uacommon, 
that of the bilateral state is a rarity. It gees 
colloquially by the names of ‘trigger thumb’ or 
‘snapping thumb’ but is perhaps better described 
terminologically as tendovaginitis stenosans. A 
report of a case is followed by a review of the 
literature and a discussion of possible aetiological 
factors in its development. ~ 
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PAROXYSMAL TACHYCARDIA IN A CHILD SHOWING 
STOKES-ADAM AND WOLFF-PARKINSON-WHITE 
SYNDROMES 


STANLEY DE SILVA 
From the Lady Ridgeway Hospital for Children, Colombo, Ceylon 


(RECEIVED FOR PUBLICATION JULY 13, 1959) 


Paroxysmal tachycardia in infancy may be 
accompanied, as in the adult, by some disturbance 
giving rise to pallor, restlessness, dyspnoea, weak- 
ness and usually cardiac insufficiency and decom- 
pensation. A labile autonomic nervous system 
makes infants particularly vulnerable to paroxysmal 
forms ọf tachycardia. Exactly what it is that starts 
this disorder or rhythm is frequently obscure and 
consequently functional autonomic disturbances 
must often be assumed to be responsible. 

The Stokes-Adam syndrome seen in adults in the 
course of the development of complete heart block 
is not eften seen in children and the case described 
‘below. occurring in a child of 2 years during an 
attack of supra-ventricular paroxysmal tachycardia, 
is of unusual interest. The symptoms of cardiac 
insufficiency, more commonly seen in such cases, 


w VETE conspicuous by their absence in this instance. 


Case Report 


A boy (P), aged 2 years and 3 months, was admitted to 
the Lady Ridgeway Hospital for Children, Colombo, at 
9 a.m. on January 14 witha history of 10 to [5 ‘fits’ a day. 
He hac Aad two fits in the out-patients’ department while 
awaiting admission, each fit lasting one to two minutes. 
The previous history was that the child was healthy after 
a normal delivery. There was no illness of any impor- 
tance before these fits. He had had similar fits when 
8 months old for four days, each fit lasting about a 
minute, and there were four to five fits each day. A 
similar attack of fits occurred three months later when 
the chi#d was admitted to this hospital for a few days. 
He was discharged and had been admitted again subse- 
quently to this hospital and to a branch hospital at 
Ragana. Each time he was discharged after a few days 


with a diagnosis of fits due to round worms and, on one 


occasion, epilepsy. The mother stated that the fits were 
not. associated with any fever. The child became semi- 
conscious for a few seconds before the fit, and appeared 
to be quite normal afterwards. 

On examination at about 9.30 a.m. the child appeared 
to be a healthy well-fed boy weighing 22 Ib. (9°98 kg.). 


There were slight pulsations over the veins in the neck. 
The heart was within normal limits and there were no 
murmurs. The rate was very rapid—about 220 per 
minute—and the pulse was regular and very small in 
volume and tension. There was no cyanosis nor 
dyspnoea and the child was seated on the bed. 

The skin turgor was normal and the fontanelles were 
closed. There was no spasticity of the limbs or neck. 
The cranial nerves were normal. The abdomen was soft 
and there were no masses palpable. The liver and spleen 
were not palpable. While this examination was going 
on the child quite suddenly became very pale and fell 
back on the bed in a faint. He remained so for about 
30 seconds. He next had a convulsive fit involving both 
limbs, lasting about one and a half minutes, and soon 
regained consciousness; he then appeared to be quite 
normal in colour and behaviour. It was noticed that 
during the faint there were missed beats and the heart rate 

was very slow, about 60 to 64 per minute. The child sat 
up in bed a few minutes later and seemed to be quite 
normal and unconcerned with what had happened a few 
minutes earlier. The heart rate was now very rapid and 
rose to 140 and later 200 per minute. An electrocardio- 
gram was taken soon after and proved very interesting, 
as the child had a similar faint and fit while this record 
was being taken. In fact the record was interrupted 
during the fit for a minute or so. The recording proved 
an interesting study. Fig. I shows a paroxysmal 
tachycardia of the supra-ventricular type at a very rapid 
rate of 260-270 per minute. There are short periods of 
complete cardiac-standstill varying from 0-6 to 0-8 sec. 
It was noticed that the child fainted off during this 
period of asystole and when he recovered a few momeats 
later the rhythm was slow and irregular at first but later 
was quite regular and rapid and soon reached a rate of 
240 per minute. While the E.C.G. was being examined 
the child had a similar faint and fit and appeared to be 
quite normal soon after the fit. He was treated with a 
sedative syrup of chloral (gr. 3 in 1 drachm) 6-hourly 
and Tab. Digoxin 0-25 mg. 4-hourly from 10 a.m. The 
pulse rate continued to be over 200 for 24 hours, but 
{2 hours later it slowed down as shown in the 
table. 

The child continued to have fainting attacks and short 
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Fic. 1,—-Paroxysmal tachycardia of supra-ventricular type. 
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fits about three or four times during this period but was 
generally comfortable and playing in bed. 

On January 17, after discontinuing the Digoxin, 
another electrocardiogram was taken (Fig. 2). It is seen 
that Lead 1 starts off with eight normal beats but the 
ninth is absent. while the PR interval of the tenth beat 
is 0-08 sec. This part of the record shows that every 


TABLE 





Treatment Pulse Rate/min 


January 14 10 a.m 


January 15 


January 16 


January 17 64. p ; ; 


ta 
o 


Fic. 2.—-E.C.G. taken after discontinuing Digoxin. 
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L. H 


second or third beat has a shořt PR interval and that 
each of these beats is preceded by a dropped beat. The 
shortened PR interval varies from. 0-02-0-08 sec. (the 
normal in infants being not less than 0-12 sec.). The 
QRS complex is widened 0-11 sec. with slurring of the 
upstroke of the R wave (the normal in infancy being 
0-05 to 0-06 sec.). There are therefore on this record 
complexes of the Wolff-Parkinson-White syndrome type, 
each being preceded by a dropped beat. The slurring 
and widening of the QRS complex with short P waves 
indicates the presence of the Wolff-Parkinson-White 
syndrome without any doubt. The E:C.G. records on 
January 23 (Fig. 3) and February 17 (Fig. 4) showed a 


wheel 


Loi ae | 
Fic. 3.—-E.C.G. 


L. HH 


showing normal picture with. normal rhythm one 
week later. 


T normal. picture with normal rhythm. 
o the child had two short fainting attacks without any 
+ convulsions and. Digoxin was given again for four days. 
Phe chic 
ue. February. 17, after being quite well and happy, he left us. 
A folov-up two years later showed the child to be in 


lee, mtn 


L. IH 





| . AVL AVF 
1G. 4B iG: showing. normal picture with normal rhythm one 
hi month later. 


On January 26 


had. another faint on February 2 and on 





| + good health, with a heart normal in rhythm and rate. 


Comment 


ae “The ease recorded is that of a 2-year-old child 
a who had a paroxysmal tachycardia of the supra- 


a”. 
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ventricular type and showed fainting attacks fol- 
lowed by fits very similar to the Stokes-Adam 
syndrome seen in adults with heart block. A 
further interesting feature was that on recovering 
the child showed the presence of the Wolff-Parkin- 
son-White syndrome in the electrocardiogram. This 
latter syndrome is an electrocardiographic entity 
and has been the subject of much discussion and 
study since it was originally described by Wolff, 
Parkinson and White (1930).. Gleckler and Lay 
(1952) have described the Wolff-Parkinson-White 
syndrome in a 4-month-old infant with paroxysmal 
tachycardia in whom an electrocardiogram made on 
cessation of the arrhythmia showed the presence of 
the syndrome. The interest in this case is that, 
besides the Wolff-Parkinson-White syndrome, this 
child also showed the presence of Stokes-Adam 
while in hospital. 
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SPONTANEOUS HAEMORRHAGE | 
FROM THE INTERNAL CAROTID ARTERY IN A CHILD 


BY 


BRIAN WEBB and B. H. PICKARD 
From King’s College Hospital, London 


(RECEIVED FOR PUBLICATION JULY 27, 1959) 


The case described below shows a child in whom 
there was a spontaneous haemorrhage from the 
internal carotid artery in relation to a para-pharyn- 
geal abscess. 

Case Report 

A boy aged 7 was admitted to hospital after having 
vomited a small quantity of blood on two occasions 
during the preceding day without warning or preceding 
nausea. For six days he had been ill with a sore throat, 
lassitude and malaise, while the left side of his face and 
neck had developed a swelling which suggested a diag- 
nosis of mumps. 

The boy was pale and inert. He showed a mild 
pyrexia (100-2° F.) while his pulse was 120 per minute 
and blood pressure 120/80. A red swelling was visible 
in the left wall of the pharynx but its extent was not 
defined as trismus limited inspection. The lymph nodes 
along the left jugular vein were enlarged. 

Three hours after admission a copious haemorrhage 
occurred. An observer related that the child neither 
coughed nor vomited but that the blood seemed to well 
up from the throat. 

An immediate operation was deemed necessary and 
performed by Mr. R, S, Lewis. Under anaesthesia the 
swelling in the left of the pharynx was confirmed and 
found to extend from the level of the soft palate down 
to the epiglottis. The overlying mucous membrane was 
not discoloured by ecchymosis or inflammation. It bore 
a ragged opening below and behind the left tonsil leading 
into a cavity containing blood clot. 

An incision was made along the anterior border of the 
left sternomastoid muscle; the soft tissues were indurated 
and stiffened while the exposure of the left external 
carotid artery was impeded by enlarged lymph nodes. 
The short length of external carotid artery exposed 
allowed ligature below the origin of the superior thyroid 
artery. 

During the ensuing night a small haemorrhage 
occurred, but for the next 36 hours the child improved 
and there was no bleeding until suddenly two days after 
operation this boy, without warning, lost two or three 
pints of blood in a cascade from his mouth in three 
minutes, quickly becoming unconscious, pale and 
pulseless. = 
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A blood transfusion was started and the child was 
taken to theatre where the wound was re-opened and the 
left common carotid artery wes divided between liga- 
tures. Three pints of blood were transfused. 

Next morning the boy was sitting up in bed cutting 
paper flags although examination showed signs of a mild 
right hemiplegia with slight weakness in the right limbs, 
an accentuated right ankle jerk and extensor plantar 
response. 

During the next 12 hours the child slowly lest con- 
sciousness and remained in coma for 48 hours. To 
preserve the cerebral circulation from spasm and throm- 
bosis Priscol and heparin were given and both stellate 
ganglia were injected with Xylocain (1-5 mi. of a 2% 
solution). 

Recovery of his mental state was gradual For the 


next five days he was half conscious and when discharged"™ 


two weeks later he was fully conscious but showed an 
emotional lability and lack of concentration. The only 
neurological sign was slight right facial weakness. 


Later reports of his schooling show that, although- 


showing imagination, he was backward at first. through 
lack of reasoning power, but that he has now caught up 
with his fellows. 


Discussion 


The severity of the haemorrhages, especially the 
last, showed that a major artery was involved. 
That bleeding recurred after ligation of the external 
carotid artery and was controlled by ligature and 
division of the common carotid artery showed that 
the bleeding vessel was the internal carotid artery. 
The section of the common carotid artery removed 
the sympathetic supply to the distal part, preventing 
spasm and minimizing ischaemic changes in the 
brain (Rogers, 1947). Although knowledge of 
the site of bleeding would have suggested the 
common carotid artery for ligature in the first 
instance, it is doubtful if this alone would have 
arrested the haemorrhage in view of the free col- 
lateral circulation through the branches of the 
external carotid artery. 

This case is notable in having by the two ligatures 








écted complete arrest of blood flow into the left 
ternal carotid. artery with little, if any, permanent 

ange in the brain. In the recorded cases (Wood, 
953) 30% of such cases ended fatally or showed 


Finally this case ‘stresses the nearness of the 
ema Soe a gi to the Lala It may lie 
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over 200 cases of abscess in relation to the pharynx, 
of which 13 required ligation of one carotid artery. 


We thank Mr. R. S, Lewis and Dr. Mary Wilmers 
for permission to publish this case. 
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BLOOD URIC ACID LEVELS IN MOTHERS AND INFANTS 
AT BIRTH 


I. KESSEL and W. M, POLITZER 


From the Department of Paediatrics, University of the Witwatersrand, the Queen Victoria Maternity Hespiial and 
the South African Institute for Medical Research, Johannesburg, South Africa 


_ (RECEIVED FOR PUBLICATION AUGUST 27, 1959) 


This study has been undertaken to determine a 
pattern of blood uric acid levels in normal mothers 
and their full-term infants at the time of birth. 
Blood samples were taken from the umbilical vein 
to determine the infant levels and from the maternal 
venous blood at the time of delivery to estimate the 
mothers’ blood uric acid levels. The uric acid 
estimations were done by the method of Folin and 
Trimble (1924). Table 1 summarizes the findings 
of this study. 

Steenstrup (1956) has discussed hypo-uricaemia 
occurring during pregnancy and, in an extensive 
study of plasma uric acid levels in 280 cases, he 
found a moderate hypo-uricaemia to be present 
during the greater part of normal pregnancy. He 
used the method of Praetorius and Poulsen (1953) 
for estimating his uric acid levels. Crawford (1939) 
found a rise in plasma uric acid levels during 
labour and a fall in the early puerperium so that 
normal values were reached by the third day after 


delivery. The height of the rise during labour 
appeared to depend on the length of labour. Bene- 
dict’s (1922) colorimetric method was used for these 


estimations. 


In the present study the maternal ages of the 
21 cases ranged from 18 to 41 years and their parity 
included seven primigravidae, nine with one previous 
pregnancy and the remainder having had from two 
to 10 previous infants. The 21 infants included 
eight males and 13 females. The blood uric acid 
levels in the mothers ranged from 6-9 mg./100 ml. 
to 2-6 mg./100 ml. and in the infants from 7-3 mg./ 
100 ml. to 2:4 mg./100 ml. In 12 cases the mother’s 
level was higher than that of her infant. 


This study shows the rather wide range of blod-=s 


uric acid levels existing in the cord blood of normal 
male and female newborn infants and in their 
healthy mothers’ blood taken at the time of delivery; 
there does not appear to be any correlation between 
these uric acid levels. In three cases the mother’s 





TABLE | 
BLOOD URIC ACID LEVELS IN NORMAL MOTHERS AND THEIR FULL-TERM INFANTS AT BIRTH 
| i ; ! f Blood Uric Acid Level 
: Maternal ; Birth Wt, : | aneen reunaan p wee 
No. Age : Parity Ub. 02.3 | Sex ; Mother i «Enfant 
; (yr.) i ! i (mg. / 100 mi.) ; (mg./100 mi.) 
1 : 20 | Primipara 8.3 i M : 65 ; 3-0 
2 f 20 i Primipara i 7.9 i F ; 36 ; eiae 
3 ; 22 | Para | | 7.10 | M 4 | 3-9 
4 23 | Para | | 783 M 4-6 3-4 
5 ; 25 : Primipara $44 ; M ; 2-5 ; 24 
6 32 | Para | | 7.42 l M : 4-6 : 4-0 
7 ; 33 : Para Í | 6.154 ; M | 4-2 ; 5-8 
g 18 : Primipara 8.84 M ; 3°% } 3e 
9 23 Primipara | 6.4 M 4-9 : 2-8 
W 32 Para 3 7.8} : F 3-9 | 3-5 
i] : 21 : Para ! 7.04 F 4-7 4-2 
12 : 34 Para 4 | 7.114 | F ! 6-7 2 43 
13 22 Primipara 7.8 , F i 3-0 i 3g 
14 ; 41 i Para 10 : 6. 104 } F ; 64 : 6-5 
15 | 29 l Para | 6.12} F . 36 3-8 
16 ; 27 ; Para Í ; 8.2 ; F ; 4-4 ; 45 
17 | 22 l Para 2 | 6.10% F 5-] : 73 
18 37 Para 7 : 6.6 F | 26 ` 5:3 
19 : 21 | Para | ' 5.8} F i 3-9 3-7 
20 ; 2i ; Primipara ; 7.154 ; F : 4-0 ; 4-3 
21 i 29 Para | | 8.24 l F | 4-0 , 5:0 
i i i i j 
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ly was over 6 mg. /100 ml. and in two infants cord 
ood. levels were also above this figure; only in one 
se was the level above 6 mg./100 ml. in both the 
her and her female infant. 





1e au — Wisi to thank Professor E. H. Cluver for 
em the facilities to undertake this investiga- 
are also grateful to Professor O. S. Heyns, 
Daubenton and Dr. L. G. R. van Dongen for 
; em access to their patients, and to the labour 
; nursing staff of the Queen Victoria Maternity 
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3H 
Hospital for facilitating the collection of blood 
specimens. = . 
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Paediatric Neurosurgery. Ed. IRA C. Jackson and 
RAYMOND K, THOMPSON. (Pp. xvi+564. £6 3s.) 
Oxford: Blackwell Scientific Publications. 

There are two ways of writing a textbook on a small 
specialized branch of medicine. The first is to describe 


the practice of one particular school, its great virtue 


being that it sets a standard against which others can 
measure their own work. Ingraham and Matson have 
already successfully exploited this technique in their 
Neurosurgery of Infancy and Childhood. The second 
method is to assemble a team of contributors each of 
whom speaks of his own subject. Ideally this should 
lead to increased erudition and brilliance; in practice it 
tends to sacrifice unity of presentation. 

The first few chapters of this book are devoted to a 
detailed account of various clinical methods, The 
section on lumbar and ventricular puncture is very full 
but, rather irritatingly, subdural puncture is dealt with 
partly here and partly in a later section. There is an 
interesting account of the use of electromyography; the 
section on the E.E.G. is so short and so general that it 
would have been best omitted. The section on anaes- 
thesia lists many possible methods, but gives little 
practical advice. An interesting innovation is the 
introduction of a chapter on medical conditions resem- 
bling surgical problems, but it is strange to find no 
mention of Devic’s disease here, although the papill- 
oedema seen in this condition may lead to the suspicion 
of intracranial tumour. 

Congenital malformations are dealt with at some 
length. The advice on the management of spina bifida 
cystica is clear and sensible but the indications for 
operation on spina bifida occulta are muddled and the 
writer has apparently abandoned any effort to classify 
his results. In the section dealing with encephalocoele, 
there is the barest mention of hydrocephalus, and none 
of ultimate mental retardation, though both complica- 
tions are not infrequent. 

In the section on inflammatory diseases the term 
débridement (of wounds) is used as a synonym for 
excision, which it is not, and the advice that persistent 
post-infective subdural effusions should be drained into 
the pleural cavity is controversial, to say the least. It is 
also a pity that although the writers of other sections 
devote much space to the technique of well-known 
surgical procedures, antero-lateral decompression for 
the relief of paraplegia in spinal tuberculosis is barely 
mentioned. 

The author of the section on vascular malformations 
of the nervous system sets out a series of case histories 
separated by relatively brief general remarks. The 
result is that although given much useful information, 


a reader not already familiar with the subject is left in 
doubt which of the clinical observations are of general 
importance, and which apply only to the case described. 

The section on intracranial tumours is long and not 
wholly satisfactory. Most of the references are old 
(before 1950) and it is unheipful to refer simply to 
‘Bailey’ when the bibliography lists two different 
Baileys with eight references between them. I cannot 
understand the statement that “medulloblastomas occur 
almost exclusively in males and the same is true of 
craniopharyngiomas’ (p. 225). In any event it is 
inconsistent with the further statements that there is ‘no 
specific sex predilection in craniopharyngiomas (p. 268) 
and that medulloblastomas are three times more frequent 
in males than in females (p. 314). The author’s views on 
the prognosis in medulloblastomas are unduly gloomy 
and take no account of the work of Ralston Paterson 
and his colleagues. 

The section on peripheral nerve tumours, in which is 
included neuroblastoma, is sketchy and would have been 
better omitted. 

The sections on trauma to the head and spine are both 
practical, though it is wrong te use ‘hypothermia’ as a 
synonym for control of pyrexia and curious that althou 
3rd and 6th cranial nerve palsies are mentioned, nothing 
is said about damage to the 4th cranial nerve, which is as 
common as any post-traumatic oculomotor disturbance. 
From time to time the contributors, and even the editors 
themselves, seem to lose sight of the fact that they are 
writing about infants and children. There is an editorial 
note in the section on spinal injuries which refers to 
intervertebral disc herniations as due to a degenerative 
process: this is surely not the case in children. 

There are separate chapters on the surgery of involun- 
tary movements and leucotomy (lobotomy). The 
wisdom of this is doubtful. The application of the 
former to paediatrics is not properly worked out, and 
many would think that the latter should never be prac- 
tised at all in children. There is also a chapter on the 
surgery of epilepsy but it is devoted entirely to advice on 
local resection of the cortex, and the author starts from 
the proposition that no surgery should be done for 
epilepsy below the age of 12. The surgery of infantile 
hemiplegia, particularly hemispherectomy, is nowhere 
mentioned. 

There is much useful material in this book, but it seems 
to fall between two stools. The paediatrician will find 
more surgical detail fhan he needs, while the trained 
neurosurgeon will find some chapters insufficiently \ 
authoritative. In a second edition there should be 
ruthless pruning, and the standard of the bibliographies 
at the end of each chapter should be raised. 
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only 150 pages are devoted to this subject. 
of the different chapters varies considerably. Those 
written by the editor and his paediatric surgical col- 


BOOK REVIEWS 


Lehrbuch der Chirurgie und Orthopaedie des Kindesalters. 
Ed. A. OBERNIEDERMAYR. (3 vols. Pp. 375, 1087, 266; 
¿illustrated DM, 620.) Berlin: Springer Verlag. 1959, 

< This is by far the largest textbook on paediatric 
urgery written since the war. It consists of three 
lumes and mere than 1,500 pages, but in spite of its 
ize the book is not as complete as one would expect and 
ome of the chapters are surprisingly small. The largest 
¿part of the work of a paediatric surgeon is undoubtedly 
abdominal surgery and it is, therefore, surprising that 
The quality 














leagues include accounts of most of the recent advances 
in this field and describe the personal experience of the 
writers. The same cannot be said of some of the other 
chapters written by ‘General and ‘Specialist’ surgeons. 
The section on plastic surgery by H. Gelbke is excellent 
and deserves special praise, but it is obvious that some 
of the authors have not had much experience with 
children and are inadequately informed of recent 
advances in paediatric surgery. 

Professor Oberniedermayr has performed a gigantic 
task in editing this monumental textbook, which will be 
of value to surgeons and paediatricians alike. It is 
unfortunate tha: the high price of the book will prevent 
most people acquiring it. 


Growth Diagnosis. By Leona M. Bayer and Nancy 
Baytey. (Pp.241. 80s.) Chicago: University Press. 
1960, 

The importance of assessing a child’s growth progress 
and developmental status is now widely recognized 


““Sefongst paediatricians not only in relation to endo- 


crinopathies, chromosomal aberrations and mental 
retardation, but also in obese children, and children with 
education problems, operated cardiac conditions, polio- 
myglitis, spasticity and many other complaints. There 
exists no succinct guide, however, telling the busy 
clinician in relatively few words and charts just how to 
do this. The present book is a praiseworthy, though by 
mo means entirely successful, effort to provide one. It is 
exceedingly wel! produced and less excessive in price than 
most books coming from the United States at present. 
The first 68 pages are devoted to descriptions of 
methods for studying growth in the individual patient, 
and the next 144 to describing in detail the application 
of these ‘methods to 22 children, of whom eight are 
healthy children, followed from birth to maturity in the 
Berkeley Longitudinal Growth Study, and 14 are 
children with gigantism, various sorts of dwarfism, 
pseudohermaphroditism, hypothyroidism, precocious 
puberty, obesity, castration and hypogonadism, The 
book is clearly not meant to tell the reader anything 
much about how a child grows, and has no discussion on 


.. growth and the influences of genetics, environment, 


secular trend and so forth; it is presumed, I imagine, that 
` the reader will be acquainted with one of the texts on 
growth, or with the excellent chapters devoted to it in 
Nelson or Holt and MacIntosh. 

The measurements advocated are height, weight, 
sitting height (greatly preferable to the use of span in 
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both authors’ and reviewer’s opinion), biacromial and 
bi-iliac diameters. The authors fail to mention the 
clinically indispensable measurement of subcutaneous 
fat with calipers, and give illustrations of a quite outdated 
instrument for measuring the two diameters. A tech- 
nique of taking front, side and rear view body photo- 
graphs is given, though the rear view pose adopted by the 
subject in their illustration has little to recommend it, and 
the opinion that ‘box cameras are preferable’ has.a quaint 
Victorian ring. The Greulich-Pyle and Pyle-Hoerr atlases 
for bone maturity at wrist and knee are recommended 
and briefly introduced. An anthropometric chart is 
used in which the five measurements given above are 
plotted in terms of standard deviations away from the 
mean. This is incorrect for weight, since the skew in its 
distribution makes the standard deviations not correspond 
to the usual percentiles; in any case, percentile charts are 
easier to understand for all measurements. The tables 
used as the basis for mean values and standard deviations 
date from 1931 (the Gray-Ayres data) which, considering 
the great secular trend over the last fifty years, is surpris- 
ing. Scales for rating secondary sex character appear- 
ance are given, but in boys no distinction is made 
between ratings for pubic hair and genitalia, though the 
two do not always exactly keep step with each other. 
There is a long section describing the authors’ own 
excellent work on androgyny of build, and another 
giving Dr. Bayley’s very useful tables for prediction of 
adult height from height and skeletal development during 
childhood. There are also, and interestingly, new stan- 
dard charts of height and weight for age, from birth to 
maturity, in which a most praiseworthy effort is made at 
including information on the developmental as well as 
the chronological age of the child. Lines are given for 
the physically accelerated and retarded child as well as 
for the average; the difficulty would seem to be that one 
cannot distinguish on them a pathologically small child 
from a pathologically retarded one, as one can by plotting 
height on a conventional chart in terms first of chrono- 
logical, then of skeletal, age. 


The clinical material is of great interest, illustrated with 
excellent photographs, and followed for the most part 
over long periods of time. Despite the criticisms above, 
there is no question that these descriptions constitute the 
best published accounts to date, from the growth point 
of view, of cases with clinical growth disorders. This is 
indeed what anyone familiar with the authors’ work and 
particularly with Dr. Bayley’s many and deeply thought 
out papers on physical and mental growth would expect. 
It is the more pity that a rather critical review is unavoid- 
able. A curious insularity seems to have settled over 
the Bay when the book was written; astonishingly, only 
four references appear to papers published outside 
America; one of these refers to Fréhlich’s original paper 
of 1901; the other three to standard texts of over twenty- 
five years ago, all of which have been reissued since in 
later editions. The authors are certainly to be congratu- 
lated on essaying a very necessary task: the result, 
despite blemishes, which will doubtless be removed in the 
second edition, is well worth the attention of paedia- 
tricians. 





Weight Gains, Serum Protein. Levels, and Health of 
Breast Fed and Artificially Fed Infants—Full Term and 
Premature. By B. Levin, Hetes M. M. MACKAY, 
CATHERINE A. NELL, V. G. OBERHOLZER and T. P. 
WHITEHEAD. (16s.) Medical Research Council, Spec- 
ial Report Series No, 296. 1959, 

This is a valuable report which should help to set 
standards and remove a lot of uncertainty. The clinical 
material was composed of over seven hundred babies, 
over two-thirds full term and under one-third premature, 
almost all born at the Mothers’ Hospital in North-East 
London. The mean weights of the full-term infants are 
similar to those of published standards for ‘normal’ 
infants, but the smoothed curves now presented are a 
valuable addition to the somewhat scanty British data 
on this subject. The curves for premature babies 
confirm the view that if weights are grouped by age from 
conception, then after 40 weeks the curve is similar to 
that for full-term infants. As regards feeding it is 
generally concluded that full-term babies in this series, 
fed either on breast milk or on dried cows’ milk, had 
similar weights, similar protein levels, a similar incidence 
of infections and, with iron medication, similar haemo- 
globin levels. For premature babies, however, it is 
concluded that human milk is an inadequate food in 
early life, due to the low protein content. Biochemical 
investigations established standards of normal for total 
serum protein, albumin and globulin in the first eighteen 
months of life in full-term infants. The serum protein 
levels of premature infants were much lower than for 
full-term infants but changes for age were similar in both. 
After eight days of age the serum protein level was not 
influenced by the type of food given. Valuable data on 
the serum protein components and especially on serum 
gamma globulin levels in the cord blood are also included. 
The whole report represents a great amount of co- 
ordinated labour and must be regarded as a standard 
work of reference. 





A Symposium on Immunization in Childhood. (Pp. 139. 

17s. 6d.) Edinburgh: Livingstone. 1960. 

After protracted discussion the symposium adopted 
two schedules for immunizing children. The first was, 
5 weeks to 6 months—three injections of pertussis 
vaccine; 7-10 months—two injections of poliovaccine; 
10-12 months—two of diphtheria and tetanus and a 
fourth of pertussis; 15-18 months—a third injection of 
diphtheria and tetanus and of poliovaccine. Booster 
doses of diphtheria and tetanus at school entry and 
8-9 years. The second schedule was, 2-6 months—three 
injections of a triple vaccine of diphtheria, tetanus and 
pertussis; 7-10 months—two injections of polio; 15-18 
months—a fourth injection of the tripie vaccine and a 
third of polio; booster doses of diphtheria and tetanus as 
for schedule 1. In each schedule smallpox vaccination 
was to be carried out some time during the first 5 years, 
with re-vaccination at 8-9 years, and B.C.G. was ta be 
given between 10 and 15 years. Schedule 1 entails 
‘11 visits and 13 injections, while schedule 2 needs nine 
visits and 10 injections. 
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Both these are formidable programmes, demanding 
much of the public health authorities and not a little of 
the mothers and children, not to mention the fathers. 
The fact that two schedules had to be promulgated shows 
how opinion can be divided, and the pros and cons of 
each in relation to the different disease vaccines are fully 
and freely discussed in the text. AH through there is 
evidence of the desire to confer optimum protection with 
the minimum of backsliding on the part of the patient, 
and this is clearly why the two different schedules are 
propounded. 

This publication is most timely and will help to some 
extent to delimit the problems concerned with vaccination 
programmes even if the tentative answers to them are 
somewhat equivocal. And as with so much recent 
writing, one is left with the feeling of what an unpleasant 
person in the woodpile is type | polio virus. 


1959-60 Year Book of Pediatrics. Ed. Sypney S. 
Getus. (Pp. 493. 60s.) Published by Year Book 
Publishers, Chicago, and distributed by Interscience 
Publishers, London. 

Dipping into this year book is just like going to an 
international paediatric congress in the United States. 
It does not matter which particular section one attends, 
there is the same series of well-chosen papers, generally 
of the proper length but some overrunning their time, 
some passing without comment but others attracting 
discussion. Naturally the majority of the papers are by 
Americans, and all the commentators are American also. 

The congress has various things, such as ae, 
contacts and ‘cokes’, which the book lacks; but thes 
apart, I believe one could profit as much by reading the 
book as by attending the congress-——and it is a lot 
cheaper. 


Actualités Pédiatriques, lére série. Ed. MARCEL LELONG. 
(Pp. 323; 63 figs. Fr. fr, 3,900.) Paris: G. Doin et 
Cie. 1959. 

From the Hospital of Saint-Vincent de Paul comes a 
series of 19 chapters by different authors dealing with one 
or other of the growing points of paediatrics. Each 
article is complete in itself and, while not exhaustively 
reviewing its subject, is a reasonably full account of 
recent work. The volume is sponsored by Professor 
Marcel Lelong who himself contributes a chapter on 
hiatus hernia. These articles give one a rapid appraisal 
of a particular subject but would not be a jumping-off 
ground for further research as they do not assess the 
literature to any degree. 


Sewage Contamination of Bathing Beaches in England and 
Wales. (Pp. 24. 2s96d.) Medical Research Council 
Memorandum No. 37. London: H.M.S.O. 1959. 
Readers of this pamphlet will be relieved to learn that 

the danger of contracting infectious illness from bathing 

where sewage is discharged into the sea is negligible. 
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SPINAL DYSRAPHISM 


ORTHOPAEDIC SYNDROME IN CHILDREN ACCOMPANYING OCCULT FORMS 


C. C. MICHAEL JAMES and L. P. LASSMAN 


From the Departments of Orthopaedic Surgery and Neurological Surgery, Newcastle General Hospital, 


Newecasile upon T yne 


(RECEIVED FOR PUBLICATION OCTOBER 19, 1959) 


“Much `i interest has been shown in the pathology 


<+ of the more gross developmental anomalies of the 


spinal cord and its coverings and in their clinical 


have become severe and 


manifestations, most of which are not amenable to 
treatment. 
anomalies can. also produce disabilities, that they 


It has not been appreciated that lesser 


can be diagnosed i in life and that they can frequently 
be treated by surgery before the secondary effects 
irreversible. Clinical 
experience over a number of years of the many 
children sent te orthopaedic clinics with various 
types of foot or lower limb defect led us to suspect 
the presence in some children of a spinal cord 


o Vojeffon. responsible. for a particular pattern of lower 
limb abnormalities. 


“Such children were watched 


< carefully and the development of their abnormalities 


and 
< inveStigations confirmed us in our belief that in 
a number of these children presenting at first with 
_ relatively trivial foot defects, there was an under- 
lying spinal anomaly causing their troubles which 


= such disability as 
` therefore decided to operate, at first upon those 


subsequent radiological and neurological 








might well be dealt with at an early stage, thus 
preventing further disability and perhaps improving 
had already occurred. We 


children whose abnormalities were beginning to 
increase seriously, and later, in the light of experi- 


ence gained, upon all those in whom we had good 
', Feason 


to suspect the presence of a spinal 









We now believe that we can identify with certainty 
ome associated with and diagnostic of spinal 
“ism when there is an occult lesion affecting 
‘spinal cord. By diagnosing this condition early 
we can undertake spinal surgery before severe 
deformity and disability of the lower limbs has 


‘occurred confident that surgery will be beneficial. 


of The clinical manifestations are for the most part 





orthopaedic in that it is the lower limbs and feet 
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which usually suffer. The treatment in the first 
place is principally in the field of neurosurgery since 
the removal of the primary cause, when it is possible, 
demands laminectomy and exploration around the 
spinal cord within the dura mater. Subsequent 
orthopaedic care will be needed only to correct 
established deformity if the diagnosis has been 
made late. 

Spinal dysraphism is a term which has been 
apphed to failure of complete development in the 
midline of the dorsal aspect of the embryo. The 
extent of this failure may be of mild, moderate or 
severe degree. The best known clinical. form is 
meningomyelocoele which is an example of an overt 
lesion, but the lesion may not be visible on the 
surface nor make itself evident clinically. Spina 
bifida occulta is such a condition and is so com- 
monly noted in routine x-ray investigations that 
it is regarded as a curiosity rather than as an entity _ 
with possible clinical implications. Ingraham and — 
Lowrey (1943) have given an indication of the 
types of lesion to be found clinically, and other 
writers have described the particular lesions which 
interested them. None appears to have regarded 
these lesions as being of the same origin except. 
Lichtenstein (1940), who revived the term spinal 
dysraphism and under this heading grouped dis- 
orders according to whether they manifested them- 
selves as arising from cutaneous, mesodermal or- 
neural derivatives of the dorsal median region of 
the developing embryo. 

In this communication we are concerned only 
with those forms of spinal dysraphism which directly 
or indirectly affect the spinal cord and spinal nerves. 
and our aims are to describe these lesions, to indicate 
the general pattern of the associated orthopaedic 
syndrome and to draw attention to the value of 
spinal surgery as a preventive measure when 
undertaken early. 

2A 
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The Lesions 
Lesions affecting the spinal cord or cauda equina 
may be classified into three groups, those which 
produce a traction effect, those which exert local 
pressure and those which combine traction and 
pressure. 


The Traction Group. In the growing child, there 
is a difference between the rate of growth of the 
spinal cord and that of the vertebral column. This 
is described as the ascent of the spinal cord within 
the vertebral canal, because the length of the latter, 
as the vertebral column grows, increases at a 
greater rate than the length of the spinal cord. 
At birth the distal end of the spinal cord is normally 
situated at or about the upper border of the body 
of LV.3 and at the end of growth, in adult life, is 
situated at the lower border of the body of LV.I or 
the upper border of LV.2 (Streeter, 1919). Any 
lesion which prevents this ascent of the spinal cord 
will do so by fixing it at a definite level in the 
vertebral canal. In such circumstances the spinal 
cord or nerve roots or both will be stretched as the 
bone column grows and this stretching will produce 
injury either to the tracts within the spinal cord, or 
to the nerve fibres and indirectly to both of these by 
interfering with their blood supply. In all proba- 
bility the commonest lesion of this type is dia- 
stematomyelia in which the spinal cord is bifid in 
part of its course. This is also the most easily 
diagnosed lesion when it is associated with a bone 
septum lying anteroposteriorly across the vertebral 
canal and transfixing the spinal cord. This bone 
~ septum can be seen on a plain x-ray film. A septum 
is, however, not always calcified; it may be fibrous 
and therefore not demonstrable by plain x rays. 

Fibrous bands are also found tethering the spinal 
cord or cauda eguina to the bone or skin directly 
or through attachment to the meninges. These 
may be associated with the fibrolipomata found in 
the pressure type of lesion. A tight filum terminale 
has often been cited as a similar traction lesion. 


The Pressure Group. The best known type is 
the intrathecal lipoma, which consists of a fatty 
fibrous mass lying inside the dura mater. In some 
cases the fatty fibrous mass is entirely extradural; 
in others it may be extradural and intrathecal. 
Another type of pressure lesion occurs when a 
fibrous band constricts the lower end of the spinal 
cord situated at an abnormally low level (Ler, 
1926). Occasionally, when the vertebral canal is 
already narrowed by inversion of one or more 
laminae, pressure may arise from increasing thick- 
ness of the bone with normal growth. 

Within this group may also be placed those cases 
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of congenital scoliosis resulting from hemivertebrae 
which develop paraplegia at about the age of 
{2 years. 


The Combined Group. This group consists of a 
variety of lesions which incorporate external 
pressure by a fatty fibrous mass or by a transverse 
band with traction by some form of fibrous band 
attaching to the meninges, bone or skin. 


Symptoms and Signs--Early Stages 


Occult forms of spinal dysraphism are rarely 
evident at birth. At that time, the function of the 
spinal cord may not be impaired, but as the child 
grows, a dysraphic lesion will begin to have an effect, 
either by preventing the spinal cord from ‘ascending’ 
within the vertebral canal or by pressure from the 
increasing size of some abnormal tissue such as 
a lipoma. The effect, then, of a dysraphic lesion 
is a gradual interference with conduction in the 
spinal cord or its nerve roots, so that according 
to the site of the lesion there will be a gradual los: 
of sensation and a slowly developing weakness o! 
some muscles leading to muscle imbalance anc 
ultimately to deformity. 


Symptoms. A child of any age is common: 
referred because of a peculiarity of gait or becaust 
of distortion of one shoe, itself the result’ of i 
peculiarity of gait unnoticed by the parents. Same 
times a child attends because of poor posturi 
associated with a short leg or because one leg ha 
been noticed to be shorter and thinner than th 
other. 3 ° 

Pain is not a feature but there is occasionally | 
complaint of pain in one or more metatarso 
phalangeal joints which may be associated with | 
protective kind of gait. This is possibly the earlies 
evidence of this syndrome since in such cases at thi 
stage there is no foot deformity. 


Gait. The abnormality of gait, almost imper 
ceptible early on, consists in an elevation of th 
first metatarsal head as though something like 
drawing pin were underneath it, the great to 
usually remaining flexed. Occasionally this | 
accompanied by adduction movement of the fore 
foot, but there is no evidence of abnormal functio 
in the foot or toes when standing or when nc 
bearing weight; voluntary actions are normal. I 
the course of review the peculiar action is mo} 
easily seen and the deformity which follows is qui 
obviously the result of this peculiar action; even si 
the foot may still have a normal appearance at res 
If allowed to continue, the pes cavo-varus observe 
only when walking becomes fixed. The arc 
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FIG. la 


becomes higher, the forefoot more adducted and 
Mere inverted, and the toes become clawed. The 
result (Fig. 1 a, b and c) is not unlike the 
deformity seen in some cases of poliomyelitis and 
cases of relapsed club foot. 


Lower Limbs. Examination of the lower limbs 
almost always reveals a shortening of one leg and 
foot, although it may be absent or very slight in the 
early stages. The affected leg is smaller in girth, 
both in the thigh and in the calf. The shortening 
of the leg rarely progresses to a final discrepancy 
of as much as 2 in. and it is usually much less, but 
the shortening of the foot becomes exaggerated by 
the cavo-varus and clawing of the toes. Peripheral 
circulatory deficiency is sometimes evident, showing 
as a lividity or cyanosis. 

In fully developed cases the combination of 
muscular imbalance and ischaemia produces fixed 
clawing with atrophy of the toes. 


Nervous System. Reflexes are usually normal 
but may progress to an extensor plantar response 
and exaggerated, and later, ahsent knee and ankle 
_ jerks, as may occur in all progressive neurological 
lesions. Sensory changes have not been detected 
in younger children owing to their unreliable 
testimony, although some have exhibited trophic 


Fic. 1b 





Fic. Ic 


Fic. 1.—Case 6. The deformity of the left foot in a moderately 
severe case. Right foot normal. 


a Showing the inversion of the forefoot and the degree of 
cavus. Early clawing of the toes. Standing, bearing weight. 


b Showing the inversion of the heel. The thinning of the calf 
is not well shown. Standing, bearing weight. 


c Showing the shape of the sole and the shortening of the foot. 
Kneeling; the feet are not touching the background. 
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changes. Older children manifest the usual altera- 
tions in sensation in the leg through duling of light 
touch and hypersensitivity on deep pressure to total 
loss of sensation and also the characteristic saddle 
shaped area of analgesia over the buttocks and 
posterior surface of the thighs. We have not 
tested for loss of anal tone which other authors 
have found to occur (Jones and Love, 1956), Testing 
sensation in any child is difficult because the child 
will often give the answer which he thinks the 
examiner wants. The results are therefore com- 
monly unreliable. 


Back. There is frequently no superficial evidence 
of abnormality in the spinal column; occasionally 
a bifid spinous process may be palpable. The 
visible abnormalities in the back are cutaneous or 
subcutaneous; they are not present in every case 
and when present are not always associated with 


neurological deficit or foot deformity although these 


may develop later. They consist of the following: 

(1) Subcutaneous lipoma. This is often associated 
with spina bifida occulta and exists as a diffuse soft 
mass of fat, usually over the sacrum. 

(2) Abnormal hair in the lumbo-sacral region. 
Coarse hair several inches in length may be found 
which is maximal in the midline and exists from the 
time of birth. On occasion a silky down limited 
to a discrete area is found. __ 

(3) Angioma. A superficial angioma may be 
found in or near the midline in the lumbo-sacral 
region. | 

(4) Dermal dimples. Skin depressions near to the 
midline with fixation of the epithelium to under- 
lying layers may indicate the presence ofa spina bifida. 

(5) Dermal sinuses. Dermal sinuses near the 
midline may mark the outlet of a continuous 
fibrous or fistulous tract extending directly into the 
spinal cord but the cutaneous opening may be 
minute and may not be seen without a very close 
inspection of the back. These sinuses must not be 
confused with the common pilonidal sinus which has 
no connexion with the subarachnoid space and 
which is situated in the midline. 


Progression and. Later Stages 


The majority of ow cases. ‘have presented in the 
manner described or with the. foot deformity already 
established. In the latter cases the mode of develop- 
ment of the deformity is no longer evident; there is 
already a pes cavo-varus with mobile clawing of the 
toes and except that weight is borne on the outer 
border of the foot no muscle can be seen to be 
overacting. The leg and foot are shert and the 
arch of the apparently unaffected foot is sometimes 
a little high but within normal limits. When the 
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foot deformity is established, the reflexes become 
abnormal and there may be sensory changes. With 
continued progression, sensation becomes increas- 
ingly impaired, trophic ulceration occurs and the 
deficient circulation becomes more obvious. 

Another method of presentation is that of Case 2 
(see Table) where the appearances of the lower 
limbs were similar to those seen in cases of myelo- 
coele. We have not otherwise seen calcaneo- 
valgus deformity developing after birth, but it is 
likely to occur probably where the spinal cord is 
affected at a high level and these cases are more 
likely to develop paraplegia. Other authors have 
mentioned such cases with paraplegia or weakness 
of the lower limbs and an unsteady gait. 

A history of incontinence is unusual in early 


cases but bowel and bladder symptoms may develop 


later. There may be incontinence which cannot be 
diagnosed in a young child only just old enough 
to be expected to learn control (Case 2). Urinary 
incontinence of the type associated with a neuro- 
logical bladder which empties itself only when fully 
distended is difficult to identify. Double incon- 
tinence with loss of bladder and bowel sensation 
may supervene in time, 

In this description of the progression of lower 
limb abnormality it is clear that the syndrome is 
very similar to that occurring with spinal tumours 
except that the rate of progress in the latter is very 
much faster so that foot deformities have not tin 
to develop. Paraplegia is likely to be the end result 
in both types of untreated case, although rare 
following spinal cord lesions associated with spinal 
dysraphism. The foot deformity which devefops 
gradually over a long period in the dysraphism 
cases precedes the paraplegia. 

Our experience of adult cases is limited and it 
appears that they are not often diagnosed. Their 
deformity has presumably been static for a number 
of years and they are unlikely to come for ortho- 
paedic attention except for supply of surgical foot- 
wear. Those who develop trophic ulceration may 
be recognized if the clinician is aware of the 
syndrome, otherwise they are most likely to come to 
notice if they develop urinary or bowel dysfunction 
(Case X). Our personal adult cases were recog- 
nized by reason of attendance for supply of footwear, 
one of them having trophic ulceration. 


Radiological Investigations 
Apart from clinical examination and periodic 
review, the other chief investigation required is 
radiology. Every child (in the absence of a myelo- 
coele) who shows a peculiarity of gait, poor posture 
associated with a short leg, a short and thinner leg, 
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progressive deformity of a foot, absent deep tendon 
reflexes or evidence of sensory impairment in the 
_ lower extremities, should have careful radiographic 
< examination of the spine. Lichtenstein (1940) has 
pointed out that bone anomalies may be absent 
but it is our experience that plain films usually show 
-congenital anomalies of the vertebral column such 
.. as spina bifida, which is the commonest abnor- 
c mality, or hemivertebrae. A bone septum (dia- 
= $tematomyelia) may be shown. Spina bifida of 
even the slightest degree is almost always present 
in this syndrome but the bone abnormality is not 
-necessarily at the site of the lesion, which may be 

= situated some distance away as in Case 2. 
= Myelography is valuable for more exact diagnosis 
and for localization of the lesion but it should not 
i -> be done lightly; its purpose is confirmatory. It 
F- will demonstrate space occupying lesions and 
~~ obstruction to the flew of the opaque medium and 
Gf there is sufficiently clear definition of the filum 
` -terminale and nerve roots a myelogram may indicate 
the site of the conus. medullaris. Occasionally the 
spinal cord may be seen to be held against the 
neural arches mstead of being in its normal position 
vying against the vertebral bodies. Some traction 
lesions, however, are not demonstrated by myelo- 
graphy. Whilst screening it is necessary to examine 
- the patient supine as well as in the classical positions. 
We have used myodil as the opaque medium: at 
fumbar puncture for its injection, cerebrospinal 
¿fluid is removed for examination and is usually 

found to be normal. 


“aS Diagnosis 


7 l ; - = At present the early case is not easy to diagnose 
<o confidently and usually the progress of deterioration 


has to be watched over a long period before the . 






-diagnosis can be established. There is a wide 
= differential diagnosis and any history elicited from 
... the parents must be considered with caution. A 
* previous diagnosis of poliomyelitis may be suspect 
since it may have been applied post hoc to explain 
abnormality. A story of old injury likewise must 
< . not be accepted without further enquiry. 
In the first place, the diagnosis depends upon the 
“presenting symptoms. The peculiar gait suggests 
-“qnany conditions, a plantar wart, early hallux 
cocs rigidus, injury to sesamoids underlying the first 
-> = metatarsal head, foot strain, or too small a shoe. 
Pain, if present, may bring to mind March fracture, 
“early hallux rigidus, trauma, foot strain, osteo- 
_ chondritis of a metatarsal head or of the navicular, 
vor lumbar nerve root irritation. 
-> The cases of short foot and leg of the variety for 
which no cause is found are distinguishable from 
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those due to spinal dysraphism in the course of 
long term review by the foot shape, function and the 
gait, which continue to be normal. Other possible 
causes of a short foot and leg are old bone infection, 
previous fracture, poliomyelitis and hemrhyper- 
trophy or angiomatosis of the other limb. 

Disease of the nervous system must be excluded, 
e.g. neurofibromatosis, tumour of the cauda equina, 
Friedreich’s ataxia, the distal (Gower’s) type of 
myopathy, peroneal muscular atrophy, poly- 
neuritis and cerebral palsy. 

In the late case, the limb deformity and the neuro- 
logical deficit make the diagnosis straightforward. 


Treatment and Results 

Excluding cases of diastematomyelia with a bone 
septum evident on a plain x-ray film that ought 
to be operated on at once, the only treatment 
possible in the early stages is a passive correction 
of the shortening by the use of raising on the shoe, 
with or without irons. This treatment is rarely 
effective for any length of time. When the presence 
of a neurological deficit has been established, 
laminectomy should be performed after myelo- 
graphy. Surgical exploration of the vertebral canal, 
including opening the dura to permit inspection 
of the spinal cord, is intended to remove the cause 
of the disability by releasing the anchoring of the 
spinal cord or by excising the cause of pressure. 
The results expected are not that the lower limbs 
will return to normal, nor that previous incontinence 


_ will be cured, although these things may happen 


if the case is dealt with early enough, but that there 
will be no further deterioration nor increase in the 
lower limb abnormalities and deformities. The 
changes which have taken place in the spinal cord 
and nerve roots may be irreversible so that recovery 
cannot occur. The operation is essentially preven- 
tive. Orthopaedic treatment will be necessary to 
correct the established foot deformity and residual 
muscle weakness. After removal of the primary 
cause of muscle imbalance, full use can be made of 
normal function and growth in the correction of any 
postural foot deformity. Without removal of the 
primary cause, orthopaedic treatment may tempor- 
arily correct a postural deformity but is ineffectual 
except as a short term expedient. 


Hlustrative Cases 
In the Table we present a summary of our first 
16 fully investigated cases. There are many other 
cases under review some of which are awaiting 
myelography. The cases in the summary are given 
in order of myelography and some, which are not 
cases of the syndrome described, have been in- 
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i F i8124 17.12.56 Poor circulation lower limbs; right foot slightly smaller than +++ + + + | ?F 

















sponser mare! | 











deft. i EE g ! 


| 

i 
m 
pri 


2 M 19.5.53 Abn 
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i Be ` i 
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12.1.55 l Dragging inverted left foot and everted right foot; progressive ! 


i f i 


| 
; | paralysis of lower limbs 


$ 
H 


of +. l p ufa of 


7.9.55 | Left pes cavus with clawing and drapping of forefoot; left leg a | Nort 


F | 5.345 S with | 
: ra short} in.; right foot normal Se j 


l 

} i 
i i : = nae LA ; S . 5 i 7 taj i j 

| F ` 88.45 Inverting left foot only when waiking, distortion of shoe, £ t o= 2 =m | FEFE — Non 
i “progressive cavo-varus; right foot normal; legs equal length | ee R 


Originally clawed outer toes left ard severe valgus both feet; | + oo jop te 
not seen 1951-55 and then left foot smaller than. right; | ae wee l 
progress: left cavo-varus and clawing; poor skin circulation; 
sacral naevus and excess hair 


‘11,11.46 


6 | M i 21.12.46 . Left cavo-varus; left foot shorter than right; jeft leg } in. jot Ly -+ ; | te de L FPE Nor 
| ; ; - Short; sacral hairy patch i E Ai 


30.8.50 1.44.54. | ‘Right foot smaller than left since tirth; developed mild cavo- 


tip l -— + i= + EF yon 
' varus; sacral hair l 5o ; 


24.8.52 





4.11.57 | Short left leg and foot; pes cavus R. and L. worse with pro- 
i -gressive increase of varus in left; increasing weakness of left 
. | foot; falling over frequently 7 


9 F | 18.11.47 | 17.2.58 


| 











| Mild pes cavus at birth; developed pain left foot with increas- + ++ + ++ FF | Abn 
| ing cavo varus and hypersensitivity and impairment of joint | os 5 ; 

‘sense: left foot smaller than right; legs equal length; weakness | ou 
_dorsifiexors left foot | - | 


“Left club foot treated at birth; short right foot and leg pe = pe Re fae “Trophic 
| ‘developed and increasing cavo-varus of both feet, later left | -d : lossof: 
| | | leg was shorter Á e a oe 4 | in both 
2.2.56 | 9.2.56 ©. Bilateral club feet with full correction obtained by age of | 
. . | > > 4 mths; persistent overaction of Tib. Ant. with progressive | 

j 


19 F 





30,845 | T4151 | 





H 


-increase in cavo-varus deformity starting at age of 18 mths; 


lower limbs becoming a little spastic 


2  M | 174.50 7.9.50 Left leg and foot smaller than right from birth; left foot | + 

| < originally very valgoid but aet. 5 yrs started developing cavo- 
| i { | varus; sacral hair l ‘oe l S 
13%) F | 266.46 | 1.41.54 | Since infancy small right foot; sacral fat pad; developed ee Abn 
. | . -yight claw toes and cavus with increasing cavo-varus; left : ; E 
. | foot mild cavus 


14 M 13.40.54 13.5.58 | Persistent inversion left foot; left foot and leg short: pes cavus | a re | FE 


- 1: developing in left foot 


as F | W1246 | 8.3.55 | Rapidly increasing left pes cavo-varus; short left foot; legs re. abe Ok sas o FE 
i _ equal length | 


Short right foot and leg, with early right pes cavus; patch of — + è p= + | 2 F | Abr 





hair over lower thoracic and lumbar region 
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14.5.58 


23,6,58 


16.7.58 | Diastematomyelia; conus situated abnor- 


3.9.58 
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Myelography 


Total block preventing fow to LV.1 


No abnormality demonstrated 


Filling defect left side of LV.5 level | 


Enlarged filum terminale and abnormally 
caudal conus 


No abnormality demonstrated 


Diastematomyelia; conus abnormally caudal 


| No abnormality demonstrated; some extra- 
» thecal myodil 


: No abnormality demonstrated 


| mally caudal 


No definite abnormality demonstrated but 
theca lay away from the vertebral bodies 


No definite abnormality demonstrated 


Diastematomyelia (minute); conus abnor- 
mally caudal 


| Appearances not understood; conus situated 
| abnormally caudal 


nectar armen REAGENT TINEA ANEA TENE AAA entet meena anae aa fie rte LATER TRAMP aae | Rey 


| Diastematomyelia 
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Comment 


Laminectomy (4.4.57) ; , 
Bone septum at LV.273 level excised; diastemato- 


. myelia 1-9 cm.; conus at lower border L'V.4 


Laminectomy (41.1.57) 

Transverse pressure band from pedicle to pedicle 
at LV.1; spinal cord was markedly enlarged at 
and below this level, probably the result of gliosis 


Deformity not progressing after tendon trans- 
plants in foot; right foot normal 

Parents refused operation; left foot deformity 
slowly developing 


| Laminectomy (31.3.58) 

! Traction band at LV.3 extra and intra-dural 
- attaching to filum terminale and left S.t nerve root 
: and holding spinal cord posteriorly; conus at 
: caudal border of LV.3 


| Laminectomy (9.6.58) 


: Traction: band, extradural, 
| extradural fat in this area and adherence of 
| ligamentum subflavum to dura; conus at caudal 


at LV.5: absence of 


border of LV,3 


Laminectomy {16.6.58} 
Fibrocartilaginous septum LV.4; ement sub- 
flavum adherent to dura in this area with absence 
of extradural fat; diastematomyelia. limited to 
area of septum 


Undiagnosed 


Physical signs improving; undiagnosed 


Laminectomy (22.9,58) 
Bone septum LV.2; conus not seen, but situated 
below mid LV.4 


Probably cerebral palsy but undiagnosed: not 
club foot relapsing in the usual manner 


Under review: foot deformity worse; awaiting 


laminectomy 


Laminectomy {9.10.58} 

LV.3 level, intradural band holding spinal cord 
posteriorly and rotating it; the spinal cord was 
bifid immediately cranial and caudal to the 
attachment of the traction band; the conus lay 
distal to the level of LV.3 caudal margin 


Laminectomy (24.11. 258) 
Traction band LV.S lamina to dura and trans- 


| verse pressure band at LV.4-5 level; conus tip at 
: lower margin of body of LV.4 


No abnermality demonstrated; conus ab- | 
/ normally cauda! 


. Diastematomyelia 


Laminectomy (25.5.89 


| Transverse pressure bands at LV.S: absence of 


. extradural 


fat in this area: conus not seen, 


| probably at caudal border of LV.3 


: Laminectomy (2.2.59) 
: Diastematomyelia extending about 7 enk; the 
_ cords were adherent to the bone septum 





exaggerated. 
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Plantar responses: 


> Equivocal - = Absent, 
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cluded because we thought at the time that the lower 
limb abnormalities might possibly be ascribed to 
a lesion of the spinal cord and also because they 
demonstrate some of the difficulties of differential 
diagnosis. No fully investigated cases have been 
excluded. 

All of the 10 cases submitted to laminectomy 
have had demonstrable lesions at operation although 
the mechanism by which the lesion produced its 
effect is not clear in every case. In none of these 
cases has there been any further deterioration and 
most have improved in an encouraging way. 
Myelography demonstrated diastematomyelia in 
six cases and a total block to flow of myodil in one. 
In the three other cases myelography showed no 
abnormality in one and in the other two the termina- 
tion of the spinal cord could be seen to be abnormally 
caudal. 

Four cases are described below in detail, three 
from our personal series, of which Case 5 had a 
traction lesion, Case 2 a pressure lesion and Case 14 
a combined traction and pressure lesion. Case X 
(an adult) is given as an example of spinal dys- 
raphism presenting with urinary symptoms resulting 
from a pressure lesion. This patient was not one 
of our personal series. He was seen in consul- 
tation before operation and is reported here with 
permission of Mr. Keith Yeates, Dr. John Walton 
and Mr. John Hankinson. 

Case | of the series has been reported and dis- 
cussed elsewhere (James and Lassman, 1958). 


Case 5. Female, aged 11 years. This child was first 
seen at an orthopaedic clinic in March, 1947, when she 
was 4 months old because the left foot was smaller than 
the right and the fourth and fifth toes were flexed. The 
deformity of the toes was treated by strapping and 
manipulations. In September, 1950, the toes were 
operated on to correct the deformity. She was not seen 
between June, 1951 and December, 1955, when she came 
under our care because she was distorting her footwear. 
Her left foot was much shorter than the right and there 
was a tendency to inversion and equinus with dropping 
of the forefoot. She had a sore on the back of the tendo- 
achilles and an unpleasant callous under the fifth meta- 
tarsal. By July, 1957, the foot condition had altered; 
the right foot was normal, the left foot was very short, 
rather high arched with hyperextension activity of the 
great toe. The muscles of the ankle, foot and toes 
were functioning, but in voluntary use the invertors 
overacted. There was still a callous under the fifth 


metatarsal head. The skin of the left calf was cyanotic 


and became purple in cold weather and the circulation 
in the foot was poor. The left leg was at least $ in. 
shorter than the right. The left ankle jerk was absent. 
A pigmented patch to the left side of the sacrum and 
excessive hair in the lumbo-sacral region were found on 
examination. 


ARCHIVES OF DISEASE IN CHILDHOOD 


Radiographs of the lumbar and sacral spine demon- 
strated a marked spina bifida in the lumbar region from 
LV.2 downwards and also in the upper sacral region 
(Fig. 2). 

Myelogram outlined a midline structure in the terminal 
theca which was wider in diameter than one would 
expect for the filum terminale (Fig. 3). This was thought 
to be possibly anchoring the cord as the conus medullaris 
lay at an abnormally low level. With this evidence and 
the clinical history and findings, spinal exploration was 
considered to be justified. 

At operation when the laminae had been superficially 
exposed, a fatty fibrous mass was found between the 
laminae of LV.4. This mass was isolated by laminec- 
tomy of LV.3 and could be easily lifted off the dura to 
which it was attached by a fibrous band. The band, 
accompanied by an artery, passed from the deep surface 
of the fatty fibrous tissue to the dura, continuing from 
the deep surface of the dura to the very large filum 
terminale and to the left first sacral nerve root within 
the dura. It was approximately 4 in. in diameter and 
14 in. in length and was holding the cord towards the 
neural arch and away from the vertebral bodies (a state 
not evident in the myelogram). The spinal cord fell 
to normal position when the band was divided, but was 
not seen to shift cranially with the release of tension. 
The conus lay at the level of the caudal border of LV.3. 

The post-operative course was uneventful. ¢ 

When seen 10 months after operation, the circulation 
in the left leg was normal and the blue and purple dis- 
colouration of the calf no longer occurred. The reflexes 





Fic. 2.—Case 5.—Antero-posterior survey view of the lumbo-sacral 
spine showing marked spina bifida in the lumbar region from LV.2 
downwards and also in the upper sacral rezion. 


SPINAL DYSRAPHISM 


Fic. 3.—Case 5. Myelo- 
graphy demonstrates in the 
terminal theca a midline 
structure which is wider in 
diameter than would be 
expected for the filum 
terminale. The appearances 
Suggest that the spinal cord 
is anchored down and that 
the conus medullaris lies at 
an abnormally low level. 


> 
N 





were unchanged. The shortening of the left leg was 
a little more than 1 in. There was subjective sensory 
improvement in the foot, in that she could feel, when she 
put her foot to the ground, a sensory deficit of which 
she had been unaware before operation. There was 
increased muscle power and the foot was used in a 
plantigrade manner, no longer being inverted when 
walking. 


Case 2. Male, aged 4 years. This boy was referred 


-æ 10 an o-thopaedic clinic in January, 1955, at the age of 


20 months because he was not walking on his own. 
He was healthy and was a full-term baby without 
neonata! complications. On examination, when he 
attempted to walk holding on to the furniture, he 
inverted his left foot and everted his right. When in a 
standing position, the left foot showed a voluntary 
tendency to adduction and inversion of the forefoot 
which the mother had first noticed two months pre- 
viously. Until then, she had thought that the boy’s 
feet were quite normal. He was not obviously spastic 
in the left lower limb, but his gait suggested this pos- 
sibility. He was given irons to wear and slowly gained 
in strength to be able to walk on his own. Sensation 
in the legs seemed deficient at about 2 years of age: 
his lower limbs at this time resembled those of a child 
with a myelocoele. 

He was in hospital fer 10 weeks from February to 
April, 1956, owing to trophic ulceration of the right 
third, fourth and fifth toes possibly induced by a hot 
water bottle. During this period, whilst the toes 


323 


healed very slowly the deformities of his feet became 
more severe and more fixed in spite of splintage. By 
April, 1957, his lower limb power was deteriorating 
rapidly and he was hardly able to walk barefoot. On 
October 31, 1957, he was admitted to hospital for investi- 
gation, by which time he was unable to walk without 
assistance even with short irons and boots. He had very 
little voluntary power of the knees and feet but quite 
good power of hip movement. It was difficult to deter- 
mine his degree of sensory loss but he had analgesia 
to pin prick on the back of the thighs and in the sacral 
region. The left knee jerk and both ankle jerks were 
absent and the right knee jerk was just present; both 
plantar responses were extensor. He had always been 
doubly incontinent, having no idea when his bladder 
or rectum were full. 


Radiograph of the dorsal, lumbar and sacral spine 
showed spina bifida of LV.4, LV.5 and upper sacral 
region with widening of the interpedicular distances with 
flattening of the pedicles most marked at the level of 
LV.1 but extending from TV.11 to LV.2 in a lesser 
degree. The lateral view showed that the posterior 
aspects of the bodies of these vertebrae were concave. 
The flattening of the pedicles suggested to the radiologist 
that the lesion was an expanding one, but he did not 
think it excluded congenital origin. 


Myelography was performed and the myodil flowed 
upwards as far as the level of the body of LV.1 where 
a complete block to the upward flow was demonstrated. 
The radiologist was unable to detect any negative 
shadow of the spinal cord but several half shadows were 
present in the myodil suggesting either a gross anomaly 
or a gross displacement of the cord, probably the former. 
The myodil passed laterally on both sides into the exit 
foramen between LV.1 and LV.2 in a manner which 
Suggested a congenital anomaly. The upper border of 
the myodil in the head down position showed no typical 
shape but rather an irregular contour in the lateral view. 


At operation on November 11, 1957, the spinal cord 
from TV.12 level caudally to just proximal to the conus 
was enlarged and white in colour; an extradural fibro- 
cartilaginous band compressed it transversely at the level 
of the pedicles of LV.1. The cord pulsated cranial to 
this band and at the conus but not in between, and the 
band was clearly restricting the flow of cerebrospinal 
fluid from above downwards. After removal of the 
band the cord beneath began to pulsate and there was a 
clear flow of the cerebrospinal fluid downwards. The 
enlargement of the spinal cord appeared to be due to a 
congenital abnormality and was not in any way cystic. 
Microscopy revealed the band to be composed of dense 
acellular fibrous tissue structurally resembling a ligament. 

After operation the boy developed a cerebrospinal 
fluid fistula and continued to drain cerebrospinal fluid 
in very large quantities despite further attempts to close 
the gap. Ventricular drainage became necessary to 
allow the back to heal and the quantity of fluid dis- 
charged through the drain, together with the difficulty 
of controlling the flow from the fistula, suggested some 
abnormality of cerebrospinal fluid production. There 
was no other evidence, internal or external, to suggest 
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that there was an associated Arnold-Chiari 
formation. 

After discharge from hospital on January 30, 1958, 
the strength of his lower limbs developed quite rapidly 
to begin with but he could not walk without assistance 
for nine months after operation. Subsequently he began 
to walk without sticks, wearing a caliper on the right leg. 
Fourteen months after operation the foot deformities 
were unchanged; he still lacked voluntary power in the 
evertors of the left foot and in the invertors of the right, 
but there has been some recovery in the right calf muscles. 
Lower limb sensation was difficult to assess but five 
months after operation his right plantar response was 
flexor and 12 months after operation a flexor response 
was obtained on the left side. 

His mother stated that approximately one month 
after discharge from hospital, the boy, for the first time, 
began to know when his bowels were going to work 
and after this time he rarely dirtied himself, provided 
he was near home. As regards micturition, she thought 
the boy had some feeling but since he wore either a 
urinal or a napkin he made no effort to contro! himself. 


mal- 


Case 14. Male, aged 4 years. He was referred to an 
orthopaedic clinic at the age of 3 years 6 months, because 
he had been walking with his left foot inverted since the 
age of 18 months. This tendency was evident in the 
clinic but there was no real abnormality of the foot 
apart from slight shortening as compared with the right 
foot. Examination showed a slight (less than $ in.) 
shortening of the left leg; normal right leg reflexes, an 
absent left ankle jerk and a left extensor plantar response. 
The left lower limb felt spastic on passive movement. 

During the next five months the left foot rapidly 
developed cavo-varus. The back appeared normal. 
There was no evidence of bladder or bowel disturbance 
and the reflexes were unaltered. Sensation was not tested. 

Radiographs showed spina bifida of LV.5 and the 
laminae of LV.4 extending caudally made a curious 
apparently curved bony ridge crossing the spinal canal 
at the level of LV.4/5. The interpedicular distance at 
the lumbo-sacral level was increased (Fig. 4). 

Myelography showed no definite abnormality, but 
suggested that the conus medullaris lay almost at the 
level of the lumbo-sacral articulation. There were some 
linear translucencies which could not be satisfactorily 
explained. 

Exploration was decided upon, in view of the neuro- 
logical deficit in the left lower limb, the rapid develop- 
ment of cavus in the left foot, and the curious myelo- 
graphic appearances. 

At operation the spinous process of LV.4 was found 
to be expanded on the right side and the right lamina 
of LV.4 was continuous with that of LV.5. At the level 
of the pedicles of LV.4 an extradural transverse band 
firmly adherent to the dura was constricting the spinal 
cord. Immediately caudal to this transverse band and 
partly attached to its caudal edge was a cylindrical band 
1-0 cm. long with five webbed digital prolongations, 
which were firmly fixed at their anterior ends to the 
dura and at their posterior ends to the deep surface 
of the fatty fibrous tissue which filled the gap. This 
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Fic. 4.—Case 14. 
Antero-posterior survey 
view of the lumbo-sacral 
spine. The laminae of 
LV.4 extending caudally 
exhibit a curious 
apparently curved bony 
ridge crossing the spinal 
canal at LV.4/LV.5 level. 


A 


i” 
traction band ran obliquely from the midline of the dura 
in a caudal direction towards the right side in such a way 
that the whole spinal cord was probably held posteriorly 
to the right. The traction band was excised, and the 
transverse band was divided when the dura was opened 
to expose an apparently normal spinal cord with sthe 
conus lying caudal to the transverse band at the level 
approximately of the intervertebral disc between LV.4 
and LV.5. The dura was closed without difficulty 
but for two or three days post-operatively there was a 


fluid fistula which healed without further interference. > 


Microscopy of the traction band showed very dense 
fibrous tissue. 

Three months after operation there was no change in 
the physical signs. At six months, the reflexes were 
unaltered and there had been no change in the degree 
of cavo-varus as compared with the state before operation ; 
progression had ceased. 


Case X. Male, aged 26. Up to the age of 11 years 
he had suffered incontinence of faeces and when aged 
18 years a small swelling had been removed from over 
the coccyx. He had begun to experience increasing 
difficulty in passing urine for two years before his admis- 
tion to hospital for investigation. Whilst in hospital 
and shortly after a Mmyelogram, he developed acute 
retention of urine. ¿ 

Examination showed sensory loss around the anus 
and perineal region and on the buttocks in the distribu- 
tion of the fourth sacral and first coccygeal segments; 


SPINAL DYSRAPHISM 


there was no abnormality in the lower limbs. Survey 

radiographs revealed spina bifida of the lower sacral 

segments S3-S5S which was remarkably wide at S4 
and $5, 

At myelography, the myodil flowed downwards to the 
level of the 83/S4 segments. In the supine position the 
myodil column divided into two lateral columns at the 

_ level of the lower border of S5, leaving an oval shaped 
defect in the outline of the myodil. In the lower lumbar 
and upper sacral region the appearance of the myodil 
column suggested that the spinal cord was extending to 
a very low level. 

At operation Mr. Hankinson found a lipoma attached 

_ to the skin in the region of the sacral bone effect. The 

= lipoma passed through into the vertebral canal and 

-© was continuous with the dural sac and within the dura 


< it was firmly attached to the spinal cord. The spinal 
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and as we gain further experience with myelography 
we may be able to change our criteria and use it 
more frequently. The technique of myelography 
and the understanding of the radiograph appearances 
need expert management and we are most grateful 
to our colleague, Dr. Gordon Gryspeerdt, for his 
skill in this technique and his guidance in inter- 
pretation. 

It is becoming apparent from our operated cases 
that some of the traction lesions may give little or 
no evidence of their presence by myelography. 
Case 5, reported above, is an example. The myodil 
column must be examined throughout the whole 
theca from the cervical region down to the sacrum: 
Shorey (1955) has reported a case with lesions at 
two levels, thoracic and lumbar. 


>: ord was of normal thickness and extended to the lower- 
ee a! ->o most portion of the sacrum: the spinal nerve roots 
"> passed horizontally to escape through their respective 
“intervertebral foramina in the manner usually seen only 
- in the early stages of human foetal development. The 
“-.. attachment of the lipoma at the periphery of the bone 
4. defect was freed and the dura left open and covered with 
~., gelfoam. Spontaneous micturition slowly returned and 
<0 two weeks after operation catheterization was no longer 
‘seem required. The difficulty with micturition has continued 
Anis decrease. 


If a myelogram fails to demonstrate a lesion 
which is in fact present, it fails also to provide a 
localization of the site to be approached surgically. 
A normal myelogram thus deprives the surgeon of 
a valuable piece of information since the lesion 
affecting the spinal cord may not lie in the immediate 
vicinity of the bone defect. In some of our cases 
with a normal myelogram we have been able to 
operate and find a lesion only because the pattern 
of spina bifida resembled that occurring in a case 
previously explored and thereby suggested the likely 
site and the type of lesion to be anticipated. 

All our investigated cases except one have spina 
bifida occulta, varying in degree from the barely 
noticeable to the very extensive. The one case 
with no bone anomaly shown on a radiograph had 
a normal myelogram; the short leg and pes cavo- 
varus show no further deterioration in the last 
12 months and there is no neurological deficit. 
This child has not been operated on. 

As we have already pointed out (James and 





Discussion 


-7 NA The picture of this syndrome and its causative 
lesions which we have endeavoured to draw is based 
on information from the literature and on a personal 
series of 16 cases completely investigated and sub- 
mitted to myelography and more than 20 clinical 

. cases under review and as yet unproven. All these 

> are children. The unproven cases do not include 
< | the many cases seen which for no known cause have 
one leg shorter than the other and a small foot, 

a combination which is remarkably common in 


© operation when the myodil will escape. 


~ children’s orthopaedic practice. Many cases pro- 
duce a foot deformity which does not progress and, 
not having developed a neurological deficit, do not 
appear to justify full investigation and laminectomy. 
Some of these cases no doubt would have a lesion 
demonstrable on myelography and surgical correc- 
tion of the lesion would prevent the full development 
of deformity but since myelography is dependent 
on the introduction of a foreign substance into the 
subarachnoid space it is not an investigation to be 
carried out without considerable forethought and 
good reason. Indeed, our policy has been to under- 
‘take myelography only if we expect to proceed to 
| T We have 
used myodil in our cases and it has been the material 
used as a routine by the Department of Neuro- 
radiology for a number of years. So far there 
has been no complication occurring from its use 


Lassman, 1958), there is no published information 
about the normal level in the vertebral canal of 
the conus medullaris during the years between 
birth and full growth although we have post mortem 
evidence suggesting that the ascent of the spinal 
cord is normally completed by the end of the fifth 
year of life. Where myelography can demonstrate 
the level of the conus and when this can be regarded 
as abnormally caudal, there can also be assumed 
to be a traction lesion which should be dealt with 
surgically. Many of these traction lesions will show 
no other abnormality on myelography and they are 
the most difficult to diagnose and to localize. 
Tomography can be of assistance in some cases, 
notably those with a bone septum in diastemato- 
myelia and those with inversion of laminae where the 
demonstration of the size and locality of bone 
anomaly assists the surgeon in the planning of the 
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operation which must, of course, involve as few 
laminae as possible. Only two of our cases needed 
excision of four pairs of laminae; the remaining 
eight had three pairs removed. 

Pain has not been a factor in the symptomatology 
of our cases, nor has the spasticity reported by other 
writers, and this is possibly because we have been 
able to see our cases at an earlier stage in their 
history. Neither has ataxia in the form of clumsiness 
and unsteadiness been evident (except in Case 2), 
but it is obviously likely to occur at a later stage. 
Low back pain or stiffness occurring on getting 
up in the morning and passing off with activity 
has been referred to by other authors but has not 
been complained of in our series. The two most 


important early clues to indicate a possible lesion 


affecting the spinal cord or cauda equina are either 
a short leg and foot or a circulatory defect of the 
skin of the lower limb (as in Cases 5 and 2) of the 
type seen following poliomyelitis and associated 
with spina bifida cystica (see also case reported by 
James and Lassman, 1958). 

We wish to stress again the importance of investi- 
gating any statement by the parents as to causation 
of the deformity. Just as other clinicians have done, 
we have seen many cases where a deformity has had 
to be considered as due to poliomyelitis because no 
other cause appeared to be likely; this diagnosis has 
naturally been passed on to the parents in spite of 
the absence of any other real evidence of this 
infection in the past. Injury also has often been 
advanced by the parents as their own idea of the 
cause; it is surprising how many children have been 
dropped in infancy. One adult found to be 
affected attributed the foot deformity to an injury 
caused at the age of about | year, when her forefoot 
had caught under a door. She and her family 
had been satisfied to accept this explanation ever 
since. Her left foot was normal but the right foot 
had markedly diminished sensation, pes cavus, 
clawed atrophic toes and trophic ulceration. Her 
right leg was 4 in. short. She had two hairy patches 
on her back and radiographs showed congenital 
anomalies of the lower lumbar spine and sacrum. 
The few adult cases we have seen have not been 
investigated to the extent of myelography. Their 
deformities, neurological deficits and trophic lesions 
have been in existence too long to be likely to benefit 
by laminectomy. They have been treated as con- 
servatively as possible in the same way as cases of 
spina bifida cystica. 

It is clear that the types of abnormality associated 
with occult spinal cord lesions are similar to those 
associated with overt spinal cord lesions, although 
the severity of the physical disability in the latter is 
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usually much greater. The essential difference qe 


between the two types of lesion of the spinal cord 
is that the occult lesion is usually extrinsic, whereas 
the overt lesion is an intrinsic lesion of the spinal 
cord itself. The latter is therefore much more 
severe and results not only in failure of spinal cord 
development but also in failure of formation of 
normal tissues which should be developing syn- 
chronously with the spinal cord. The extrinsic 
lesion occurs slightly later in foetal development: 
there may be no associated failure in other tissues 
and its principal effects occur with growth of the 
child after the associated tissues have been formed: 
the subsequent abnormalities therefore develop 
gradually and later in life. As has already been 
indicated in the syndrome we have described, the 
established deformity of pes cavo-varus resembles 
a type of relapsing club foot. If the extrinsic 
lesion of the spinal cord were to have an effect 
in utero, the pes cavo-varus would possibly have the 
appearance at birth of a typical club foot because 
the muscle imbalance would have started earlier 
and would have been able to advance more rapidly. 
After birth there are restraints upon this muscle 
imbalance by the establishment of coordinatin 

reflexes and by the decreasing plasticity of the bones 
of the foot which provide a mechanical obstruction. 


„d 


In this communication we have made statemeys” 


which are based on facts and experience; we have 
avoided theory as far as possible, but as we continue 
our clinical and surgical investigations we believe 
that it may be possible to classify some types of foot 
deformity as being caused by occult spinal cord 
lesions. Some cases of club foot are associated 
with meningomyelocoele but the aetiology of other 
cases is still unknown, and it seems possible that 
some of the other cases which relapse repeatedly 


and necessitate local surgery may be due to an occult @ 


spinal lesion of the type which we have described 
here. | 

The well known association of pes cavus and 
spina bifida occulta may possibly be now explained 
but all cases of pes cavus do not necessarily fall 
into this class and there is obviously need for a 
reclassification by specifying with greater care the 
exact form of the pes cavus. 

Sufficient information has been obtained to 
conclude that it is possible to diagnose these cases 
early and to perform preventive laminectomy 
without waiting for foot deformity to become fixed. 
Case 5 demonstrates that with such early procedure 
muscle balance can become normal or nearly so. 
Altered bone shape in the older child resulting from 
abnormal muscle action cannot return to normal 
but in the very young child almost complete recovery 















in this respect may be possible with the return of 
normal muscle function. 


Summary 


The purpose of this communication is to empha- 
e that many types of spinal lesion which have been 
eported individually are different manifestations of 
spinal dysraphism and that it is important to recog- 
ize their common pattern of symptoms and signs 
so that ar early diagnosis can be made and further 
deterioration and disability prevented by surgical 
emoval of the cause. 
The spinal lesions are classified in three groups, 
traction lesions, pressure lesions and combined 
on and pressure) lesions. One case of each 
of lesion, proved by operation, is described, 
mptoms and signs facilitating early diag- 
ildhood are discussed. The commonest 
est evidences are shortening of one foot 











The pregression of the syndrome by stages to 
_ Severe neurological deficit, to deformity of the lower 
mextremities and possibly to paraplegia is also 
scribed. — 

The necessity for myelography as a diagnostic 
Magcedure is indicated and its uses are discussed. 





SPINAL DYSRAPHISM 


r circulatory. deficiency of the skin of the. 
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It is valuable as a preliminary to laminectomy in 
demonstrating not only the nature of the lesion but 
also its site. A normal myelogram does not 
exclude the presence of a lesion. Laminectomy as 
a method of treatment can be expected only to 
halt the progressive deterioration. In some cases, 
however, partial recovery will occur, but such a 
possibility can only be hoped for and the main 
purpose of operative treatment is to prevent further 
disability. 


We are indebted to Dr. Gordon Gryspeerdt, Neuro- 
radiologist and to Dr. Douglas Whitby, Anaesthetist, før 
their most helpful collaboration in the diagnosis and 
treatment of our patients and also to our colleagues, 
Dr. George Davison and Dr. Christine Cooper, in the 
Paediatric Department of the Newcastle General Hos- 
pital. The photographs and reproduction of the X-ray 
films were produced by the University Department ef 
Photography, King’s College, Newcastle upon Tyne. 
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CORTICAL ATROPHY OF THE BRAIN IN INFANTS 
ASSOCIATED WITH FAILURE TO THRIVE 


BY 


P. M. SMYTHE and I. A. D. BOUCHIER 
From the Department of Child Health, University of Cape Town and Groote Schuur Hospital 


(RECEIVED FOR PUBLICATION SEPTEMBER 4, 1959) 


Infants may fail to thrive for a variety of reasons. 
When recognized causes such as congenital abnor- 
malities, infections, defective intake and absorption, 
metabolic and endocrinal disturbances have been 
excluded, there still remains a group in which no 
satisfactory explanation is readily apparent. One 


cause which may account for some ofthese marasmic — 


infants, and which does not appear to have been 
previously recorded, is cortical atrophy of the brain. 
Attention was drawn to this possibility by finding 
a hemiplegic infant who would not gain weight. 
An air encephalogram (A.E.G.) revealed cortical 
atrophy of the brain. Subsequently A.E.G.s were 
done on other infants, even if they had no clinical 
signs of damage to the nervous system. In all of 
them, unless stated to the contrary, the urine, chest 
radiograph, Mantoux test, Wassermann reaction, 
blood urea and serum chemistry were normal. Air 
encephalograms were only done if, after two months 
of adequate diet in hospital, there was no satis- 
factory reason found for the failure of these infants 
to gain weight. 

Lumbar A.E.G.s were done under sedation with 
seconal and largactil. Spinal fluid was replaced 
by an equivalent volume of air. The total volume 
of air varied from case to case, but in no child was 
an excessive amount injected, nor was there any 
increase in intracranial pressure as judged by 
bulging of the fontanelle during or following the 
procedure. No ill effects following A.E.G. were 
seen in any of the infants. 


Case Histories 


Case 1. V.W., aged 4 months, was admitted on 
November 28, 1955, weighing 6 lb. 7 oz. Birth weight 
was said to be 3 Ib. 3 oz. The only abnormal physical 
signs elicited were a mild right spastic hemiparesis and 
a head circumference of 13-25 in. A radiograph showed 
two well-developed centres of ossification in the carpal 
bones. Eleven weeks after admission the child weighed 
6 Ib. 15 oz. A.E.G. showed some ventricular dilatation 
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and excessive cortical air suggesting atrophy. By the 
age of 2 years 9 months the child had grown fairly well, 
her head circumference was 17-75 in., but the hemiplegia 
was marked and she had difficulty in speaking. 


Case 2. C.P., aged 6 weeks, was admitted on 
February 7, 1956, weighing 7 Ib. 6 oz. Labour and 
pregnancy were normal. The infant sucked poorly, 
vomited intermittently and failed to thrive. Fifteen 
weeks after admission she weighed 7 1b. 5 oz. A bariuff? 
swallow and meal revealed nothing abnormal. She 
was somewhat slow in her development but had 
abnormal neurological signs. An A.E.G. at the age 
6 months was only contemplated because of the find! 
in Case 1. It showed excessive cortical air comb; om 
with atrophy. : 









; “9p 

Case 3. S.G., aged 7 months, was admitted», 
March 17, 1956, weighing 9 Ib. 6 oz. The pregnanc, 
had been normal but the infant had been born by breech 
delivery. The child sucked poorly. She had a broncho- 
pneumonia and it was noted that she could nôt sit. 
She was re-admitted at 10 months, weighing 11 Ib. 10 oz., 
because of vomiting and failure to thrive. A barium 
meal showed a hiatus hernia, Vomiting improved 
somewhat on medical treatment but at a year she stij 
could not sit unsupported. There were no abnormal 
neurological signs except occasional spasms of the eyes 
of an oculogyric type. The head circumference was 
16 in. Eleven weeks after admission she weighed 
1i Ib. 14 oz. An A.E.G. showed gross evidence of 
cortical atrophy. Follow-up at 3 years 9 months found 
the child to be mentally very retarded, weighing 20 Ib. 
6 oz. and with a head circumference of 18 in. 


Case 4. J.V., aged 1 year, because of failure to 
thrive, was admitted on September 18, 1957, from the 
Skin Ward where she was under treatment for eczema, 
hepatosplenomegaly and anaemia. She weighed 9 Ib. 
14 oz. The head circumference was 14-5 in. She had 
nystagmus and could not hold up her head. The serum 
cholesterol, bone marrow and a radiograph of the long 
bones were all normal. AE.G. showed evidence of 
gross cortical atrophy and ventricular dilatation. The 
child died weighing 8 Ib. 2 oz. 
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Case 5. A.L. was admitted on September 16, 1957, 
also from the Skin Wards, where she had been found 
to be suffering from ectodermal dysplasia. The blood 
urea varied between 56 and 72 mg./100 ml. An intra- 
venous pyelogram showed a normal pattern on the right 
side and delayed secretion from the left kidney. The 
child gained 12 oz. in weight in 8 weeks, and at 7 months 
weighed 8 Ib. 12 oz. An A.E.G. showed some ventri- 
cular dilatation and gross cortical atrophy. 


Case 6. S.J., aged 2 weeks, was admitted on June 10, 
1957, weighing 5 lb. 11 oz. Labour and pregnancy 
had been normal. There was frequent vomiting and 
at the age of 12 weeks she weighed 5 lb. 15 oz. Sub- 
sequent weight gain was slow. An A.E.G. at 5 months 
showed cortical atrophy as well as some subdural air. 


Case 7. V.M., aged 2 weeks, was admitted on 
December 30, 1957, weighing 3 lb. 3 oz. She had had 
a minor convulsive episode on the third day of life. 
The first 8 months of life were spent in hospital during 
which time she gained weight slowly. She could then 
hold up her head but could not sit even with support. 
Both optic discs were pale but she could see and followed 
objects without making any effort to grasp. A radio- 
graph showed three carpal centres of ossification. An 
'A.E.G. at 8 months showed slight ventricular dilatation 
and cortical atrophy. A carotid angiogram was done 

the right side and showed a normal anatomy of the 
cerebral vessels. The child died when 16 months of 
age, weighing 10 Ib. 


Interpretation of Air Encephalograms 
Smith and Crothers (1950) have emphasized the 
need to interpret, with reserve, air shadows lying 
The common error is to 


over the brain cortex. 





Fic. 1.—Subdural air: showing extension along the tentorium cerebelli. ‘ 
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diagnose cortical atrophy because air has entered 
the subdural space. Subdural air can be recognized 
by the following features: (1) It moves with alteration 
of posture of the head. (2) It dips down beside the 
falx and along the tentorium cerebelli (see Fig. 1). 
(3) It is smoothly lined and is associated with fluid 
levels (Fig. 2). 

Cortical atrophy can be recognized in the follow- 
ing way: (1) The frontal and parietal regions are 
predominantly affected (Fig. 3). (2) It produces 
an irregular picture of peaks and valleys the dilated 
sulci being usually more than 3 mm. wide (Figs. 
4 and 5). (3) If the picture is associated with ventri- 
cular dilatation it is diagnostic, but it must be 
stressed that considerable atrophy of the cortex 
can occur and yet the ventricles may appear to be 
normal in size. 

Judged by these criteria, all cases in this series 
had cortical atrophy. It is recognized, however, 
that a positive diagnosis of brain atrophy based 
solely on the A.E.G. appearances is not justified. 
All the infants were at an age when normally rapid 
brain growth occurs and the changes seen on A.E.G. 
might have been in part, if not wholly, due to a 
primary defect in growth rather than an atrophy. 
No separation of the two types of defect is possible 
on the evidence available, and in this paper the term 
atrophy may in fact be covering both a primary 
defect in cerebral growth and atrophy due to brain 
damage. 

Three facts seem to confirm the diagnosis of 
cortical atrophy made from these A.E.G-:s. Firstly, 
in those children who have survived and 
have been followed up, if it was not 
obvious at first, there has been sub- 
sequent clear evidence of brain damage. 
Secondly, the A.E.G.s of those children 
with clinical evidence of brain damage 
differed in no way from those who 
showed no clinical evidence of damage 
to the nervous system at the time of 
A.E.G. Thirdly, confirmation of cortical 
atrophy was found at necropsy in two 
other children who had similar A.E.G. 
changes, but who are not included in 
this series as their physical development 
was normal. 


It must be stressed that the presenting 
symptom in these infants was failure to 
thrive. In Cases 2, 6 and 7 the 
possibility of cortical brain damage was 
not at first suspected. These infants 
were still very young and it was 
thought that any slowness of intellectual 
development could be accounted for 





Fic. 2.—Subdural air: showing a fluid level. 


Fic. 3.—Cortical atrophy: showing predominantly parietal 
involvement. 


Fic. 4.—Cortical atrophy: A.P. view showing widening of 
the sulci. 


Fic. 5.—Cortical atrophy: lateral view showing widening 
of sulci. 
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Fic. 6. 





Only later, after 


by the failure of physical growth. 
the infants had been followed for some months, was 
it realized that the cerebral damage was probably 


the ,basic abnormality. Cases 1 and 3 differed 
from the others only in that they had neurological 
signs which drew attention to the brain damage. 
Involvement of areas of the brain that produce 
definite abnormal physical signs does not, however, 
seem to be an adequate reason for separating this 
group frem those with no neurological signs. In 
Cases 4 and 5 there was associated disease that 
probably contributed to, if it was not the major 
cause of, the failure to gain weight. Their inclusion 
seems justified as they showed a similar clinical 
state anc the same changes on their A.E.G-.s. 
One can only speculate on the cause of the 
atrophy. There was no familial incidence to suggest 
a genetic factor. In only one infant was an arterio- 
gram done and this showed no evidence of a vascular 
defect. It is most unlikely that the cause was a 
meningitis. Some history of a previous illness 
should have been obtainable. Furthermore, A.E.G.s 
done on infants who have had meningitis show an 
entirely different picture with dilatation of the 
ventricular system, very little if any air over the 
cortex and rarely any subdural air (Figs. 6 and 7). 
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FIG. 7. 


Fics. 6 and 7.—A.E.G.s to show the contrasting picture of dilatation 


of the ventricular system following pyogenic meningitis. 


In fact the readiness with which the ventricles of 
children, who have had meningitis, fill, suggests 
that some other factor plays a part, and that this is 
possibly dilatation of the whole of the ventricular 
system including the aqueduct which allows a freer 
efflux of ventricular fluid and its replacement with 
air. The atrophy is most likely to be the result of 
cerebral anoxia, probably intra-uterine or neonatal. 
Frontal and parietal involvement occurs frequently 
in such circumstances, and the small size of the 
heads of these infants also supports the concept 
of the damage occurring at an early age. 

There are many factors governing normal growth 
and in general growth may be impaired for three 
main reasons: (1) when diet fails to supply the 
required nutrients; (2) when there is some break- 
down in the physiological process of transporting 
the nutrients to the tissues; and (3) when the body 
fails to utilize the nutrients. 

Keys (1953) believes that the only neurological 
causes of failure to thrive are those diseases causing 
loss of appetite, and those neurological lesions which 
interfere with feeding. At present no neurological 
‘centres for growth’ are known. Brobeck (1946) 
states that the hypothalamus normally participates 
in the maintenance of the overall energy equilibrium 
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and Brock (1953) ascribes this function to the 
- thalamic hypothalamic level. Lesions of the pituitary 
might be expected to show delayed ossification of the 
centres of bone growth. In those children of this series 
where radiographs of the carpus had been taken, 
the bone age appeared normal. After damage to 

the frontal lobes, both clinically and experimentally, 
a weight loss is frequently observed. Because these 
subjects frequently manifest. voracious appetites, 
this loss of weight has been ascribed to hyper- 
mobility of the intestinal tract (Fulton, Jacobsen and 
Kennard, 1932}; The converse also applies, and a 
great diminution in appetite, depending on altered 
prefrontal cortical function, has been described 
(Brock, 1953), Thus the prime effect of neuronal 
damage has been an alteration in the hunger drive, 
with only a secondary nutritional effect. 
_ of the infants of this series, vomiting apparently of 
a cerebral type, must have affected growth although 
it did not always appear either severe or frequent 


enough to be an entirely satisfactory explanation for 


the failure to gain weight. In two others there was 
no. vomiting, feeding was: normal and appetites 
were reasonable. When there was some impair- 
ment of appetite, tube feeding still failed to achieve 
a reasonable weight gain. This would suggest that, 
in some children, cortical atrophy through some 
subtle mechanism has an adverse effect on the 
general metabolism resulting. ina failure to thrive. 
The fact that other children with clinical and A.E, G. 
evidence of cortical atrophy. had normal physical 
development raises the. possibility of there being 
some ‘centre for growth’ which is affected in some 
cases and not in others. 


In three evidence of marked mental retardation. 
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In conclusion, it is recognized that the diagnosis 
of cortical atrophy of the brain is easily made as 
these infants. grow older; but it would be helpful 
to know the cause of failure to thrive i in very young 
infants when the recognition of mental retardation 
is not so easy; parents and doctors can then be 
spared a period of uncertainty as to the nature of 
the child’s illness. In addition unnecessarily pro- 
longed hospitalization can be avoided in those 
hospitals where there is still a tremendous pressure 
on beds. 





Summary — 

A series of infants is described in which failure 
to thrive was the presenting symptom. All of them 
had heads that were small in circumference and, 
if not apparent when first seen, subsequently showed 
All of 
them had abnormal air encephalograms which were 
interpreted as indicating cortical atrophy of the 
brain. In infants the association of cortical atrophy 
of the brain with failure to thrive does mot appear 
to have been previously recorded. | 


We wish to thank Professor F. J. Ford for help with the 
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paper; Dr. J. A. Burger, Medical. ‘Superintendent of 


Groote Schuur Hospital, for permission to publish an¥ 
Mr. Todd for the photographic reproductions. 
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THE INCIDENCE OF TWINS IN CEREBRAL PALSY AND 
MENTAL RETARDATION 


R. S. ILLINGWORTH and GRACE E. WOODS 
From ihe Department of Child Health, The University of Sheffield, and the Royal Hospital for Sick Children, Bristol 


(RECEIVED FOR PUBLICATION OCTOBER 15, 1959) 


_ There is evidence that there is a higher incidence 


z -of mental retardation and of cerebral palsy among 
~ children born from a multiple pregnancy than among 


singletons. Asher and Schonell (1950) found that 
5-4% of their 400 cases of cerebral palsy were 
members of twins. Greenspan and Deaver (1953) 
found taat 7°4 of their 94 cases resulted from 
The corresponding figure in 
Shyh-Jong’s series of 301 cases (Yue, Shyh-Jong, 
1955), was 9-0% 


ss w Looft (1931) Tomi a higher incidence of imbeciles 


ina group of 64 twins than one finds in the normal 
population, and among siblings and parents of 
backward children there were more twins than 
among normal children. Rosanoff and Inman- 
Kane (1933) studied 234 pairs of mentally defective 
twins. They found a higher incidence of mental 
defects in twins than in singletons. McKinney, 

Dunphy and Pessin (1958) and Drillien (1959) made 
The latter, in her follow-up 
-cof the intelligence quotient of premature babies, 


= found that twins scored less than singletons. 


Tt is. rot easy to interpret these observations, on 


7 n account of the higher incidence of cerebral palsy 
with or without mental retardation, and of mental 
retardation alone, in prematurely born children, 


and the high incidence of prematurity in multiple 
pregnancy. 
One could not say, therefore, whether the high 

















incidence of twins in children with mental retardation 
or with cerebral palsy is merely due to the high 
incidence of prematurity associated with multiple 
pregnancy. We therefore set out to elucidate the 
matter. 

An analysis of mentally retarded children or 
children with cerebral palsy seen at the Children’s 
Hospital, Sheffield did not provide sufficient material 
for satisfactory statistical conclusions to be made. 
Accordingly, Dr. Grace Woods of Bristol was asked 
to cooperate by supplying figures from her large 
series seen at the Cerebral Palsy Assessment Clinic 
at the Bristol Children’s Hospital (in the case of 
cerebral palsy), and at a mental deficiency hospital, a 
mental health clinic and an occupation centre. 
The Department of Medical Statistics, at the 
University of Sheffield, analysed the figures. 

We made no attempt to distinguish identical from 
non-identical twins owing to the difficulty of dis- 
tinguishing these without such accurate methods as 
the study of blood groups. 


The Statistical Problem __ 

The Table sets out the basic data, from which it 
can be seen that of 729 mentally retarded children, 
including mongols, 153 (20-9%) were prematurely 
born, as compared with 234 of 651 children with 
cerebral palsy (35-9°%); of 729 mentally retarded 
children including mongols, 28 were members of 





TABLE 
INCIDENCE OF PREMATURITY AND TWINS IN MENTAL RETARDATION AND CEREBRAL PALSY 
TENEANT EEEE OOTES AETAT 
| i | 
| Mental Retardation excluding | 
| Mongolism or Cerebral Palsy ! Mongols Cerebri ai Palsy 
—n een ovren naaa irritate AEA es ener ae penta aera we cae | rere ieaiaia tenant seca 
Sheffield | Bristol — Total | Sheffield — Bristol | Total Sheffield | ~ Bristol | Total 
E l mememe fe mes | N ome oenen | PE EA EEA E l AE EAE EE ERREIAN, EREE PEEN E E EEEREN i E A EEA O E EE R | EINNA PELIE EEIN 
O Premature singletons 68 40 108 16 O un a oe 76 © u5 | 19 
= Full termaingletons ; 274 : E88 . 462 ! 46 i 58 104 i 155 i 250 | 405 
Premature twins Soe, 6 | 14* 2t 2 4 | 12 31 (438 
Full terar twins 3 : 6 | Io 4 i : 0 i I | g i 3 12 
Tota! * 353 | 2400 | 593 | 6S | 71 | 136 | 252 | 399 | 651 
f i i ; i i i i 


* Four premature twins were siblings. 
+ Six full term twins were siblings. 


t Two premature twins were siblings. 
& Four premature twins were siblings. 
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twins (3-8°%), as compared with 55 of 651 cases of 
cerebral palsy (8-4 °% 

Our studies showed that of 375 consecutive 
premature births in two Sheffield hospitals, 44 
children (11-2%) were members of twins (Dr. 
Ronald Gordon kindly supplied figures for the City 
General Hospital, Sheffield. The remaining figures 
were from the Jessop Hospital for Women), and of 
252 consecutive twins in the two Sheffield hospitals, 
145 (57:7 %) were ‘premature’, weighing 541b. (2,500 
g.) or less. The incidence of twins in the normal 
population was taken as 1-29% and the incidence of 
prematurity as 6-0°%. 


Results of Statistical Analysis. The high incidence 
of twins in cerebral palsy is not merely a reflection 
of the high incidence of prematurity. 

The high incidence of twins in mentally retarded 
children may well be due merely to the high incidence 
of prematurity. 

Discussion 


The reason for the high incidence of multiple 
pregnancy in the history of children with cerebral 
palsy is unknown. The factors concerned may be 
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nancies being associated with a high incidence of 
abnormal presentations and deliveries. The evi- 
dence for a genetic factor in some cases of cerebral 
palsy has been set out elsewhere (Illingworth, 1958). 


Summary 


We set out to determine whether the high incidence 
of twins in children with cerebral palsy and with 
mental retardation without cerebral palsy is merely 
due to the high incidence of prematurity asseciated 
with multiple pregnancy. Statistical analysis has 
shown that in the case of cerebral palsy the high 
incidence of twins is not explained by the high 
incidence of prematurity which is known to be 
related to cerebral palsy. In the case of mentally 
retarded children without cerebral palsy the high 
incidence of twins may well be merely related to the 
high incidence of prematurity known. to be a factor 
in mental retardation. 

Of 729 mentally retarded children. without cerebral 
palsy, 20:9°% were pana born and the inci- 
dence of in was 38% 
cerebral palsy, 35-99 were prematurely orn, and 














partly genetic and partly obstetrical, multiple preg- 8-4.°% were twins. 
Statistical Addendum 
BY 
G. H. JOWETT and WENDY M. WRIGHT 
From the Department of Statistics, University of Sheffield 
Estimates of the main probabilities required for TABLE 2 
a test of significance on the data in Table t are given INCIDENCE DATA FOR PREMATURITY AND ° 
in Table 3. These have been deduced from the MULTIPLICITY 
facts given in Table 2 usung the method of weighted Incidence of twins in normal population: 1425 
least squares to resolve the inconsistencies of the Incidence of prematurity in normal population: 6% 
i i ; Ai ai inte z Incidence of twins among 375 consecutive prema- 1175; 
latter. In doing this, the following points have been fare isthe In two Sheeld hosuitals: OE P EEA 
borne in mind: ben : sibly 22 pairs} 
ea pat A ae! ` ; f Incidence of prematurity among 252 consecutive 57-6% 
(1) The first two figures of Table 2, though rough, Swine: | (145 casesY 
TABLE | 
DISTRIBUTION OF CASES ACCORDING TO PREMATURE AND MULTIPLE STATUS FOR DIFFERENT CONDITIONS 
(BRISTOL AND SHEFFIELD) 
| l Premature Fall term | Premature l Full term | 
| Singletons Singletons l Twins Twins l Total 
Cerebral palsy | Sheffield 3% | 5 | 12 _ 9 252 
ii | Bristol 115 | 250 yo 3 399 
O Toa O3 O 405622 O BEER 2a o 651 
Simple mental defectives | Sheffield 68 2⁄4 | 8 | 3 E 
Bristol 40) 188 : 6 6 240 
Total 108 82%) 462(77-9%) TA) 9 (1 536) 593 
Mongol idiots "Sheffield — 16 46 | 2 | i E 
| Bristol [l 58 | 2 : 0 7 
: | | Total 27(19-9%) | 104.(76-5%) 4(2-9%) 1(0-7%) 136 
; ł 3 : ji 
PINA EEA A IE EAEE EA EA E EEEN OAE SAE N E EES E A EERE AEEA AAN A AE AE, SES 


‘Of 651 children with 


P: 


CEREBRAL PALSY AND MENTAL RETARDATION IN TWINS 


TABLE 4 
OBSERVED AND EXPECTED INCIDENCE OF TWINS FOR 
DIFFERENT CONDITIONS 


have been treated as firm values, ice. free from 
Statistical error due to paucity of cases. 

(2) Tke standard errors of the other two figures 
ave been assessed from the binomial distribution, 
King the birth of a pair of twins as a single random 
vent, ` . 

AS a preliminary, the mutual compatibility of the 
Bristol and Sheffield figures in Table 1 was examined 
by means of y? tests (3 D. of F.) for each of the three 
-conditioas. The values were 9-03 (cerebral palsy), 
-3-23 (sinaple mental deficie ncy), 2-24 (mongol idiots): 
of these the first was significant, on the 5° level 
only, the cther two being not significant. The 
significance was main y due to the somewhat smaller 
“percentage of full term twins in the Bristol figures, 
and was not considered im portant enough to prevent 
the two sets of figures being lumped together for 
further analysis, 


























“TABLE 3 


_ PROBABILITIES OF PREMATURITY AND MULTIPLICITY 
re FROM DATA IN TABLE 2 

Gah. es | Estimated Probability 

ge | (%) 


aaan reenen naa o ee j neunana try mnyima 





Premature singleton 


NoTe.—The second decimal is given to avoid accumulation of 
rounding oPerrors in worki ng, 


..... Since the incidence of twins is small , the number 
falling into any. given category can be taken as a 
-o Poisson variate, provided that only one of a pair of 
Siblings & included in the count. Also since Poisson 
-< variates are additive, results for premature and full 
< term children. may be added for the purpose of a 
test of significance. These two considerations lead 
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Observed 
Number 
Cerebral palsy | o l4 | 30-3 0-1 % level. 
imple mental defectives | 26 ; {7-2 | Not signi- 
i 21°40 ficant even 
| | on 5% level 
Mongol idiots i 4 1 42 i 
i 


to Table 4, the significance of the discrepancies 
being assessed by reference to the Poisson tables; 
the expected numbers are deduced by applying the 
incidence rates of Table 3 to the numbers of prema- 
ture and full term cases at risk in the various cate- 
gories. No allowance has been made for Statistical 
errors in the expected numbers arising in their 
derivation from the data in Table 2, and thus will 
tend to lead to a slight overstatement of the level 
of significance: notwithstanding this, the results are 
clear enough for there to be no doubt of the signifi- 
cantly greater incidence of twins among cases of 
cerebral palsy. On the other hand, there is no 
evidence of an abnormal incidence of twins in the 
presence of either of the other conditions. 
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It has been estimated that approximately 6% of 
children under the age of 5 years have convulsions 
due to one cause or another. Moreover, it is 
generally recognized that this liability to convulsive 
incidents is greatest in infancy. There is little 
mention in the literature of the extent to which these 
generalizations apply to the early days of life, 
although it is well known that convulsions in 
newly-born infants occur in a wide variety of 
circumstances. I present here the results of a study 
of convulsions occurring for the first time within 
10 days of birth. 


The Clinical Material 


Three hundred and seventy-five babies are in- 
cluded in the study, of whom 158 died and came to 
autopsy, and 216 survived the neonatal period. 
With a few exceptions the infants were born in the 
Simpson Memorial Hospital, Edinburgh, or the 
Maternity Hospital, Leeds. The exceptions had 
been delivered elsewhere and subsequently trans- 
ferred to one or other of the above-mentioned 
hospitals. All 374 babies were seen personally and 
were under continuous clinical supervision for a 
period of not less than 10 days unless death inter- 
vened. 

Fatal Cases (158): Pathological Findings 

The pathological findings in the 158 fata] cases 
are analysed in Tables | to 5. Significant non- 
infectious intracranial pathological changes were 
present in almost two thirds of the babies. Infec- 
tion, developmental anomalies and haemorrhage 
(other than intracranial) were present in that order 
of frequency in the remaining fatal cases. Findings 
were completely negative at nine autopsies (Table 1). 

There was evidence of intracranial infection 
(Table 2) in 18 and of septicaemia without intra- 
cranial involvement in seven babies. Infection was 


be Based on lectures given at the University of Bergen and to the 
Medisinsk Selskap, Oslo. 


TABLE Í 


CONVULSIONS IN THE FIRST 10 DAYS OF LIFE 
FATAL CASES: MAJOR AU TORSE FINDINGS 


Infection . . 29 
Developmental a i i4 
Acquired (non-infectious) ape eer e pathology 97 
ote other than A uiracrneeal Pi 9 
Nil ; ; ; r ja iy 9 

158 


coliform in nine, streptococcal (haemolytic) in two,‘ 
pneumococcal in one and staphylococcal in two 
of the 14 babies with septicaemia and meningitis. 
Blood obtained during life from the seven infants 
with septicaemia without meningitis gave cultures of 
Esch. coli in four, Staphylococcus aureus in two, 
and streptococcus in one. The strain ef strepto- 
coccus was not established. Of the four cases of 
otitis media three were the result of pneumococcal 
and one of staphylococcal infection. Pyeonephritis 
was associated with coliform infection in two 
babies and with Staphylococcus aureus infection in 
one. The primary focus in babies with staphylo- 
coccal infection was in the eye in one, the ears in 
one and the skin in four cases, the majority of which 
occurred before the advent of antibiotic therapy. 
Neither brain nor meninges was the site of patho- 
logical changes in the babies with pyelonephritis 
and congenital syphilis. 

With regard to deaths contributed to by develop- 


mental anomalies (Table 3) the three examples of 


TABLE 2 


CONVULSIONS IN THE FIRST 10 DAYS OF LIFE 
FATAL CASES: DEATHS DUE TO INFECTION 


mamamana 


Septicaemia with meningitis . 14 
Septicaemia g Š 7 
Otitis media with secondary meningitis A 3 
Pyelonephritis .. F 3 
Otitis media with secondary brain’abscess a i 
Congenital syphilis ‘ } 

29 
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=- Mature infants. The renal 
_ abnormalities were of a major character and in- 
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oe internal hydrocephalus all occurred in small pre- 
and cardiovascular 


compatible with survival. Infants with evidence of 
erebra! agenesis are referred to later. 


TABLE 3 
COSVULSIONS IN THE FIRST 10 DAYS OF LIFE 
BATAL CASES: DEATHS CONTRIBUTED TO BY 
DEVELOPMENTAL ANOMALIES 


P t” > na’ t 


Cerebral agenesis i 6 
Interne! hydrocephalus Ji si ea 23 3 
Cardiac with associated transposition of great vessels 2 
Hydromephrosis {with secondary infection) .. bid 2 
Cystic kidneys .. an us a SN 1 

14 





Haemorrhage contributed to death in a variety 
of ways (Table 4). Massive intrapulmonary haemor- 
rhage was a feature in two cases, in one of which 
there was microscopical evidence of ear] y secondary 
Staphylococcal infection. Of the two examples of 
fatal exsanguination one was the result of incision 
of the placenta in the course of delivery by caesarean 
Section and the other of massive intestinal 
haemorraage in a baby with untreated haemorrhagic 
disease who had been born outside hospital. All the 
examples of suprarenal haemorrhage were massive 
and associated with widely distributed tardieu 
spots. In none of the cases was there a history of 
trauma or evidence of infection and I cannot say 
whether the suprarenal haemorrhages were the cause 
or the result of associated asphyxia. Suprarenal 
haemorrhage certainly was the immediate cause of 
_ death ineach case. 

| TABLE 4 
COm*VULSIONS IN THE FIRST 10 DAYS OF LIFE 


FATAL CASES: DEATHS CONTRIBUTED TO BY 
: HAEMORRHAGE OR CONGESTION 
š Intrapalmosary haemorrhage . . a we 2 
Exsamguination = . ee + S 43 2 
Suprarenal aaemorrhage : Are A Ki 5 
Intracranial: tmemorrhage, venous congestion or 
oevemna ie te ma n Si Fa 


anmannan 


Haemorrhage within the cranium was found in 
a number of different situations (Table 5). In 
Many mstamces post mortem findings pointed to 
-asphyxia having been secondary to traumatic 
haemorrhage. In an equal number it was not 





-= possible to differentiate the relative aetiological 
— significance of coexistent haemorrhage and asphyxia. 


This was especially true of a high proportion of 
infants with subarachnoid and intravertricular 
haemorrhage. In two infants intracranial haemor- 
rhage was associated with bleeding into the peri- 
toneal, pleural and pericardial sacs which was 
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regarded as evidence of haemorrhagic disease: and in 
one baby bleeding arose from septic thrombosis of 
the choroid plexus in the presence of staphylococcal 
septicaemia without meningitis. Aseptic thrombosis 
of the choroid plexus with secondary intraventricular 
haemorrhage was found in six babies all of whom 
were markedly premature and died after the tenth 
day of life. In two of these babies there was, in 
addition, thrombosis of the renal vessels and in one, 
dry gangrene of the toes secondary to thrombosis. 

Severe generalized venous congestion or extensive 
oedema was the only finding in about 15° of the 
fatal cases with acquired non-infectious intra- 
cranial pathology. 

Pneumonia was present in 13 of the infants coming 
to autopsy, but was considered to be a terminal 
complication in each instance. 


TABLE 5 


CONVULSIONS IN THE FIRST 10 DAYS OF LIFE 
FATAL CASES: ACQUIRED (NON INFECTIOUS) 
INFRACRANIAL CONDITIONS 


LLL LL TTT CLP TSR PCS Steen samAnntnemmmisinemtimenniudimny 


Haemorrhage: subdural a ‘a N os 30 
subarachnoid . . > x a i4 
intraventricular o a ated 2 
muluple perivascular in brain sub= 

stance os As A = 6 

Venous congestion involving meninges and brain 

substance a a sh ak ia Ai 9 

Generalized oedema, es eu eni ae 7 

Sinus thrombosis 4 

Kernikterus 4 

97 


Surviving Cases (216): Diagnoses 


Surviving cases are best considered according as 
the clinical diagnosis was proven, being confirmed 
by appropriate laboratory studies, or was con- 
jectural, being based upon clinical observations. 


Proven Diagnoses. Table 6 lists the 38 cases 
in which a firm diagnosis was made. Infection was 
present in 15. Pyelographic investigations were 
not considered desirable or practicable in the cases 
of urinary infection. The possibility of renal 
abnormalities in these cases was not therefore 
excluded, but none of the infants concerned had a 
recurrence of signs or symptoms by the age of 
2 years. Exsanguination resulted in one infant 
from prolonged, severe intestinal bleeding due to 
haemorrhagic disease, and in the other infant was 
thought after examination of the mother’s blood 
to be due to foetal intraplacental haemorrhage. 
Both infants were born at home and there was 
delay in diagnosis and treatment. The patients 
with cerebral agenesis are described later. Con- 
vulsions started on the tenth day of life in each of 
the babies with subdural effusions. The fontanelle 
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TABLE 6 


CONVULSIONS IN THE FIRST 10 DAYS OF LIFE 
SURVIVING BABIES: PROVEN DIAGNOSES (38) 





i No, of 
Diagnosis Confirmation | Cases 
Meningitis: Esch. coli Bacteriological i 3 
Pneumococcus | Bacteriological | 2 
Meningococcus | Bacteriological i i 
B. friedlanderi | Bacteriological : 1 
Proteus Bacteriological i i 
Pyelonephritis Cytological: 
Bacteriological 7 
Exsanguination Clinical, haematological | 
and therapeutic 2 
Cerebral agenesis Air encephalography | i 
Subdural effusion Aspiration: : 
i Airencephalography | 2 
Kernikterus | Serological and bio | 
chemical : 6 
Tetany | Biochemical : 2 


; : 


was a little tense and the resistance on percussion 
of the two sides of the cranium differed. A ten- 
tative diagnosis leading to confirmatory aspiration 
was not made until some weeks later by which time 
convulsions were recurring at intervals of several 
days. In the two infants with tetany, convulsions 
occurred as the culmination of particularly exhaus- 
ting periods of severe generalized neuromuscular 
hyperexcitability and coincided with depression of 
the serum calcium level below 6 mg./100 mi. Both 
babies were the offspring of mothers with diabetes 
mellitus (Craig, 1958). 


Presumptive Diagnoses. The presumptive diag- 
noses in 178 surviving infants are given in Table 7. 
In over 80° of these babies the diagnosis was 
intracranial disturbance. This term is used deliber- 
ately as it is only rarely possible to differentiate 
clinical signs of intracranial disturbance during life 
due to cerebral haemorrhage, congestion and 
oedema. It might be argued that lumbar puncture 
would have assisted in differential diagnosis. In 
my opinion this is open to question and lumbar 
puncture should be reserved for those cases in 
which the need arises to exclude meningitis. Potter 
(1952) draws attention to the limited value of 
examination of the cerebrospinal fluid as a diagnostic 
measure in cerebral haemorrhage. 

With regard to other cases included in Table 7 the 


TABLE 7 


CONVULSIONS IN THE FIRST 10 DAYS OF LIFE 
SURVIVING BABIES: PRESUMPTIVE DIAGNOSIS (178) 





Poliomyelitis ‘ts : j 
7. Aseptic meningoencephalitis | l 
Alimentary disturbance (noninfectious) 7 
Aspiration of feeds ce a 4 
Hypothermia .. T bm i ie a 9 
Cold injury i ae a ha 4 
intracranial disturbance a a ra re 152 
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diagnosis of poliomyelitis in a baby in whom two 
isolated convulsions occurred on the tenth day of 
life was based on a history of contact, a temporary 
pronounced increase of lymphocytes in the cerebro- 
spinal fluid and a residual flaccid paresis and muscle 
wasting still present in the left lower limb at the 
age of 4 years. No convincing explanation of the 
case labelled ‘?-aseptic meningoencephalitis’ can 
be offered. There was no clue in the birth history. 
The child was born at term. Progress was unevent- 
ful apart from a succession of violent general 
convulsions on the eighth day of life and the pre- 
sence of nuchal rigidity for several days. Cells in 
the cerebrospinal fluid were greatly increased for 
a week, lymphocytes predominating, but successive 
bacteriological cultures were consistently negative. 
At 3 years of age the child’s condition was im every 
way normal. 

Five of the seven cases listed as alimentary 
disturbance were similar. A violent convulsion in 
the second week of life in a previousiy healthy baby 
occurred simultaneously with the passage of an 
abnormally bulky stool containing numerous large 
undigested curds. The association between con- 
vulsion and manifestly abnormal stools was in- . 
escapable. Convulsion and stool were completely 
isolated incidents. There was neither forewarning 
nor aftermath. The other two infants im this 
group were very small premature babies in whom 
the initial expulsion of meconium was delayed until 
the sixth day of life due, it was considered, to lack of 
muscle tone. There was no question of meconium 
ileus or mucoviscidosis. Generalized twitching 
movements appeared on the sixth day and did not 
recur after the removal of the retained meconium 
by gentle low colonic lavage. Asphyxial convul- 
sions due to aspiration of feeds were due to a lapse 
in nursing technique in the case of one infant; to 
difficulty in feeding another baby with a suspected 
but at the time undemonstrated high, short tracheo- 
oesophageal fistula; and to injudiciously repeated 
feeds given to two infants with undiagnosed oeso- 
phageal atresia. 

Use of the term hypothermia in Table 7 implies 
that a rectal temperature below 95° F. persisted for 
a period of not less than 24 hours. Hypothermia 
was a feature also of the four babies with cold 
injury, being associated with the hard infiltration 
of skin, subcutaneous tissues and muscles found in 
this condition which is variously, confusingly and 
frequently incorrectly referred to in the literature 
as sclerema, scleredema, scleroderma and cold 
injury (Macgregor, 1960). For the purposes of 
this paper the term cold injury is employed through- 
out. 
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Details Concerning Convulsions 


© The clinical characteristics of convulsions seen 
= dn the course of the present study varied con- 
. siderably. Examples were seen of a tonic phase 
followed in succession by clonic movements and 
unconsciousness; of isolated, prolonged tonic 
incidents; end of both brief and persistent clonic 
phases not preceded by tonicity or followed by 
unconsciousness. In some instances the onset of 
a convulsion was immediately preceded by or 
< coincided with a short and sometimes piercing 
ery: in others grunting or crying was noted during 
“| or at the termination of a phase of tonicity. A cry 
was absent in most cases. Violent generalized 
convulsions. were seen with noteworthy rarity in 
premature babies. Rhythmic clonic movements were 
common; iavelved one or several limbs at any one 
time; frequently affected different limbs at different 
times: and were often associated with transient 
unilateral twitching of muscles at the angles of the 
mouth or eyes. Associated cyanosis, neck rigidity 
and opisthotonus were occasional findings. 












Convulsions Considered in Relation to Diagnosis, 

INFECTIONS. Convulsions in babies with septi- 
caemia or meningitis consisted of fitful phases of 
subduec clonic movements with irregularly inter- 
spersec brief events of apnoea. In some infants 
these imcidents occurred spontaneously and in others 
only when disturbed. Convulsive movements did 
not appear until after the third day of life even in 
infants in whom the obstetrical history suggested 
that infection had been antenatal. The fact that 
all "the onfants concerned were premature and frail 
probably aecounted for the convulsions not being 

` severe. In fatal cases there was no relationship 
between the clinical picture and the location, the 
extent cr the bacteriological nature of the infective 
process as seen at autopsy. A feature of white 
blood cell counts during life was that a severe 
leucopenia was as common as a pronounced 
leucocytosis. Convulsions occurring in infants 
with pyuria were generalized but not severe in 
character, and commenced before the onset of the 
swinging temperature characteristic of the condition. 
They ceased as diuresis increased. 

DEVELOPMENTAL ANOMALIES. Convulsions seen 
in babies with major anomalies of the cardio- 
vascular system and of the kidneys were violent 
terminal events. The infants with internal hydro- 
cephalus were premature and small, and the con- 
vulsions consisted of sporadic twitching movements. 
In marked contrast, ‘babies with cerebral agenesis 
presented clinical pictures remarkable for their 
severity and similarity of pattern. The convulsions 





339 


first appeared about the second day of life, there- 
after occurring spontaneously at frequent but wholly 
irregular intervals, and persisted despite large and 
frequent doses of chloral hydrate and pheno- 
barbitone. Structural asymmetry or unusual con- 
figuration of the face or cranium was a feature in a 
significant number of these infants. 

HAEMORRHAGE. The convulsions which took 
place in the presence of external bleeding were 
isolated but severe and general in distribution. Those 
that occurred in fatal cases were terminal events. 
In the two babies who survived exsanguination the 
convulsions were similar in character and occurred 
When the infants arrived at hospital in extremis, 
having been transported without previous treatment 
over distances exceeding 40 miles. Copious 
haemoptysis preceded the terminal convulsions in 
babies with massive intrapulmonary haemorrhage. 
Convulsions in infants with massive suprarenal 
haemorrhage at autopsy began suddenly a few 
hours before death and assumed a violent form even 
when the baby was small and premature. They were 
accompanied by collapse and tachycardia and in 
two cases by sweating of abnormal degree. 

INTRACRANIAL DISTURBANCE. Convulsions in 
babies developing kernikterus were subdued in 
character, recurred at intervals of widely varying 
length over a period of days and showed great 
variability in the parts of the body involved. Cycling 
movements of the lower limbs and boxing move- 
ments of the arms were among other features in these 
infants. The convulsions in the infants with subdural 
effusions began in the middle of the second week, 
were vigorous and general and associated with 
occasional vomiting. Personal experience suggests 
that the cases were exceptional in that vomiting 
attributable to subdural effusion usually precedes 
convulsions which more commonly first appear 
after the second week of life. 

Consideration of intracranial disturbances 
presents special difficulties. Among babies with 
subdural haemorrhage major generalized con- 
vulsions were a feature in about 50°. Regardless 
of their severity and whether they were generalized 
or localized, convulsions tended to recur over a 
period of 24-36 hours. They contrasted with 
convulsive movements associated with other forms 
of intracranial haemorrhage in the readiness with 
which they were induced by external stimuli. Pro- 
gressively deepening cyanosis during life was usually 
accounted for by pressure exerted on the mid brain 
by large amounts of blood which had gravitated 
downwards, There was no constant association 
between generalized convulsions and the distribution 
of blood over the cortex. Localized convulsive 
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movements were seldom explained by the anatomical 
distribution of bleeding. 

Clinical features in babies with subarachnoid 
haemorrhage lacked the drama of those in cases of 
subdural haemorrhage. Localized slight convulsive 
or twitching movements were present in about half 
the infants with subarachnoid haemorrhage. 
Generalized convulsions were rare. There was no 
significant correlation between the extent of the 
subarachnoid haemorrhage and the severity or 
localization of the convulsive movements. An 
unexplained ‘finding was the frequency with which 
twitching was preceded by abnormal movements of 
the eyes. Intraventricular haemorrhage is some- 
times found unexpectedly at autopsy without any 
signs of cerebral irritation during life. When they 
did occur convulsions were dramatically sudden 
in onset, of extreme violence and accompanied by 
uncoordinated movements of the eyes and piercing 
cries of intense cerebral pain. These signs were 
present in 10 babies, of whom seven died in the first, 
and three in the second week. In five babies 
isolated slight twitchings were noted for a few 
hours before the development of major convulsions. 
The clinical pictures in the six babies with widely 
distributed intracranial perivascular haemorrhages 
were strikingly similar. In all the appearance of 
convulsions was delayed until the second week. 
From the time of their onset the convulsions were 
general, of extreme violence and completely ex- 
hausting. Persistent restlessness was characteristic. 
Death occurred suddenly after a period of wild 
uncontrollability similar to that sometimes seen in 
small babies with fulminating encephalitis. I have 
known only two babies survive after presenting this 
clinical picture. Both were eventually severely 
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handicapped, physically and mentally, ané both were 
ultimately ataxic. 

During life the clinical pictures presenied by 
iafants with severe intracranial oedema at autopsy 
were indistinguishable from those due to ether forms 
of intracranial disturbance. 

HYPOTHERMIA AND CoLp Injury. Convulsions in 
babies with hypothermia were genera’ bat not 
violent, and although not frequent, occurred at 
lengthy irregular intervals until the body temperature 
was raised. Similar findings were encountered in 
the two babies with cold injury, but it was evident 
that as the stiffness or rigidity characteristic of the 
condition increased, fine frequent convulsive move- 
ments became more coarse and deliberate. 


The Incidence of Convulsive Movements 

In one hospital to which admissions are subject to 
obstetrical selection, and at which detabed clinical . 
motes have been kept over many years, the records 
suggest that one infant in approximately every 
120-125 live births has convulsive movements at 
some time during the first 10 days of life. The 
incidence is certainly considerably less, although 
exact figures are not available, in another hespital, 
with which I am associated, which is of abeut the 
same size and which admits only multiparous and 
uncomplicated maternity cases. 

The incidence of convulsions in relation to certain 
clinical conditions seen in newly-born babies was 
aiso studied. Table 8 summarizes the findings. 


The Severity of Convulsive Movements 
and Long Term Prognosis . 
A follow-up study was made of 141 of the 152 
infants who survived the neonatal period and who 


TABLE 8 


INCIDENCE OF CONVULSIONS OCCURRING IN THE FIRST 10 DAYS OF LIFE 
IN ASSOCIATION WITH CERTAIN CLINICAL CONDITIONS 





Number of Infants 





Dying? ; Surviving? Total “4 0f Infants 
Clinico-Pathological Group naasma a anaona raat erect — with 
Convulsions : Convulsions | Convulsions -0 Cenwulsions 
| With None With None | With None ` 
Cerebral agenesis Bs, pi ix ag 6 2 : H* 2 17 4 Ri 
Septicaemia and/or meningitis oe as oi 24 10 i 8 2 32 2 73 
{ntracranial disturbance R Pe Se pal 97 t i ©6452 488 249 t : Less than 33 
Renal anomalies ss bad 3 il Bm a ~ i 3 it ; ic 
Kernikterus gal 4 6 | 6 4 | 10 Oo 50- 
Severe urinary infection art 3 3 ‘: 7 58 ; 10 6i f i4 
Cold injury ; ay ~— 3 i 4 15 | 4 18 ; 18 
Haemorrhagic disease +] i i 3 2 490 3 so 2 
Hypocaleaemic tetany “| =- — a 2 63 2 63 3 
Suprarenal haemorrhage ‘ | 5 10 nese — 5 10 | amme 
Internal hydrocephalus $ ny 3 6 m ore 3 » 6 : ee 
intrapulmonary haemorrhage re. 2 8 — — 2 8 coe 








* Six of these infants died in the second year of Hfe. 


+ Relates to first four weeks of Hfe. 


i Reliable figures not available. 
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in the first few days of life had shown convulsive 

tendences attributed at the time to intracranial 
© ș disturbance. Of the 141 babies nine died before 
_»-the age-of 2 years and the remaining 132 were last 
examined between the ages of 3 and 34 years. 
Findings were analysed according as the postnatal 
convulsions had been violent and general, or 










transient and slight: and were compared with those 
in a control series consisting of 488 babies who had 
had ne convulsions but had shown signs of postnatal 
„anoxia and distress, and who were re-examined at or 
_ Shortly after the age of 3 years (Table 9). The 
«figures do not purport to be statistically accurate but 
~*~ reflect a higher incidence of sequelae in babies with 

<- a histery of neonatal convulsions than in babies 

with no such history. 





TABLE 9 
NEONAEAL ASPHYXIA/INTRACRANIAL DISTURBANCE 
WITH AND WITHOUT CONVULSIONS: SURVIVING 
BABIES; FENDINGS AT OR OVER 
THREE YEARS OF AGE 


Finsiings at 


3 Years of Age ae ane | ance tenner 
arver , None Prolonged)  Transient/ 
i Severe Slight 
Normal al TS 85 45 
Physical kamdicap | | — } 
*Mental kandicap = 3| 3% 1:75% ile% 
“Physical and mental | i | 
handicar: oe sal 5 ! 3 
Total.. .. ..] 488 | 92+ | 49} 


: i i 
f, i į 


* Doesrat include children considered to be primary aments. 

t Includes 9 babies of birth weight of 54 Ib. or less. 

$ Includes 31 babies of birth weight of 5i Ib, or less. 

i Discussion 

The evidence presented indicates that whereas it 

-has been variously stated that 2-4 °% of children under 

3 years(Green and Richmond, | 954) and approxi- 
mately €% under 5 years (Davidson, 1953) have 
convulsions, considerably less than 1 % Of babies in 
maternity hospitals have convulsions within 10 
days of birth. This is of interest in view of the 
greater liability to convulsions of infants as com- 
pared with older children (Davidson, 1953) and of 
the findings of Crump (1 945) which show that the 
incidence of convulsions is lowest in the first six 
months cf life and highest between the ages of 
6 months and 3 years. : 

Asphyxia, cerebral birth injury, meningitis, 
systemic infections, kernikterus, congenital mal- 
formations and metabolic disturbances such as 
tetany are among causes of neonatal convulsions 
given in the majority of reviews. In a study of 176 
babies aged less than 4 weeks, Peterman (1946) 
considered that convulsions were accounted for by 

jury in 69°, acute infection in 10 vos develop- 
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mental anomalies in 4% and tetany in 3%. The 
present series includes examples of all these con- 
ditions together with instances of convulsions 
associated with exsanguination, intrapulmonary 
haemorrhage and cold injury. Clifford (1939), 
Ford (1952), Stone (1945) and McQuarrie and 
Baird (1959) consider that haemorrhagic disease 
contributes to a proportion of cases of intracranial 
haemorrhage. Findings in this study confirm the 
views of other workers that this is not a frequent 
occurrence (Craig, 1938; Potter, 1945; Sanford, 
Shmigelsky and Chapin, 1 942). Kagan (1959) 
makes specific mention of gastro-enteritis. This is 
contrary to my experience. In a detailed review of 
53 cases of acute enteritis in the newly-born in 
both epidemic and sporadic form no instance of 
convulsions was encountered. 

Recent literature does not refer to alimentary 
disturbances other than gastro-enteritis as a cause 
of convulsions in infancy. Thomson (1921), Still 
(1927) and Hutchison (1931), however, all mention 
the occurrence of convulsions as a result of the 
retention of undigested food in the bowel or stomach. 
They ascribe the convulsions to reflex irritation, 
Today this explanation is considered inadequate. 
Nevertheless, in the absence of a convincing alter- 
native and in the absence of evidence of metabolic 
disturbance the explanation merits consideration in 
connexion with the few babies in the present series 
in whom isolated convulsions coincided with the 
evacuation of undigested stools. 

Febrile convulsions are described by Green and 
Richmond (1954) and McQuarrie and Baird (1959) 
as especially common in the first two years of life. 
Davidson (1953) stressing their occurrence in 
infants considers that ef convulsions in all children 
2:5% are regarded as ‘so-called febrile convulsions’. 
According to Friderichsen and Melchior (1954) 
febrile convulsions are rarely seen under the age of 
6 months. The youngest patient in 256 children 
with simple febrile convulsions reported by Living- 
ston (1958) was aged 2 months. Discussing febrile 
convulsions in general, McQuarrie and Baird (1959) 
refer to the onset of extracranial infections and to a 
high environmental temperature as possible con- 
tributory factors. An outstanding feature of the | 
series under discussion is the absence of any baby 
with convulsions which could reasonably be termed 
febrile in the strict sense of the term. In the few 
babies with severe urinary infection in whom con- 
vulsions occurred the temperatures were subject to 
fluctuation and were elevated on occasions to 
102°-103° F. Pyrexia of the same degree was a 
feature of the considerably more numerous cases of 
pyuria lacking any convulsive tendency. Among 
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infants with meningitis and septicaemia a normal or 
Slightly subnormal temperature was as frequent a 
finding as an elevated temperature. Pyrexia when 
present was usually slight. There was no obvious 
connexion between body temperature and the occur- 
rence of convulsions in these cases. Experience 
gained in the course of the present study warrants 
the view that febrile convulsions if they do take 
place in the first 10 days of life do so with the 
utmost rarity. There is support for this opinion 
in the fact that dehydration fever is not accompanied 
by convulsions. Moreover, over a period of many 
years I have seen and made records of five newly- 
born babies with extreme hyperpyrexia attributable 
to faulty nursing technique or defective incubator 
control. The rectal temperature ranged from 106° 
to 108° F. and in each case hyperpyrexia was present 
for not less than six hours. All-the babies recovered 
without sequelae. None had convulsions. Un- 
fortunately records were not made concerning the 
rapidity with which the temperatures rose, an aspect 
of febrile convulsions considered to be important 
by Wegman (1939). 

Severe, extensive cerebral oedema was the sole 
finding at autopsy in five cases. It was also found in 
less severe degree in association with other forms 
of intracranial pathology in three babies born 
prematurely and in two born at term. The clinical 
simulation of intracranial haemorrhage by babies 
with cerebral oedema is noted by Hughes (1952), and 
McQuarrie and Baird (1959) include acute cerebral 
oedema among the causes of convulsions in infancy. 
Judging by the incidence of cerebral oedema among 
fatal cases in the present series it is possible, indeed 
probable, that cerebral oedema may account for a 
considerable number of convulsions in surviving 
newly-born babies. Certainly cerebral oedema 
provides one possible explanation for the convul- 
sions occurring in two of the surviving examples of 
cold injury. 

Hypothermia is characteristic of cold injury and 
was a feature of the two cases in this series. It was 
a feature also of several of the premature babies 
dying of infection, and of several infants dying as 
a result of intracranial haemorrhage. Furthermore, 
among large babies surviving neonatal cerebral 
disturbance, convulsions occurred in a number with- 
in 36 hours of birth while the body temperature was 


still below 96° F. There were several examples of 


twitching movements occurring simultaneously with 
a sudden drop in body temperature on the third 
and fourth days of life in particularly small pre- 
mature babies who eventually survived. These 
observations do not warrant any conclusions but 
suggest that a closer relationship may exist between 
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convulsions in the first few days of life and hypo- 
thermia than between convulsions and hyperpyrexia. 

Bound, Butler and Spector (1956) in their study 
of perinatal mortality refer to the occurrence of 
convulsions in 20, and of cerebral irritation without 
convulsions in six premature babies dying as a 
result of the cardio-respiratory syndrome. Their 
experience contrasts with that at the Leeds Maternity 
Hospital where over a number of years continuous 
detailed clinical observations have been made on all 
infants in whom there was a possibility that signs 
of the cardio-respiratory syndrome might develop. 

During the period in question 38 babies dying 
with clinical and pathological evidence of the 
syndrome were observed from the time of delivery 
in the labour ward until death, with as one par- 
ticular object the recognition of any convulsive 
tendencies. All the babies were premature and 
delivered by caesarean section. Entirely contrary 
to expectations no convulsions were seen in any 
of the infants. . Insofar as a limited number of cases 
permits of tentative deductions it seems that the 
anoxia occurring in fatal cases of the cardio- 
respiratory syndrome does not of itself give rise 
to convulsions. A further point is that these cases 
are not associated with the generalized tonicity and 
apnoea sometimes seen in very small premature 
babies. It is of interest in this connexion that 
McKay and Smith (1959) do not include convul- 
sions among the clinical manifestations of hyaline 
disease. 

‘The causes of convulsions (in infants) are legion.’ 
This statement of Still’s (1927) can be applied with 
justification to the newly born. It is important, 
however, that the occurrence of convulsions in the 
early days of life should be seen in proper perspective. 
Although the causes are legion the analysis in 
Table 8 indicates that no one clinico-pathological 
condition is invariably associated with convulsions. 
The highest incidence was found in babies with 
cerebral agenesis. Of the 21 babies, no fewer than 
17 had major convulsions. The clinica’ pattern in 
these was unlike that associated with other forms 
of intracranial pathology, and it is considered that it 
has a diagnostic significance. Particular attention 
should be paid in this connexion to major convul- 
sions commencing within a day or two of life, 
persisting at irregular intervals despite heavy 
anticonvulsant therapy, and occurring in an infant 
with asymmetrical anomalies of the face or cranium. 

There was a high incidence of convulsions among 
babies with septicaemia and meningitis. Con- 
vulsions cannot, however, bè regarded as funda- 
mental to diagnosis. They were absent in a number 
of babies with widely dispersed septicaemic foci and 
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thick inflammatory exudate covering the entire 

-= surface of the brain. Clinical features requiring 
ee the exclusion of infection as a cause of convulsions 
include the presence simultaneously of an un- 
explained low body temperature, grey cyanosis and 
luctance to feed. A leucocytosis or leucopenia 
is in favour of infection whereas a normal white 
cell ccunt is not. 

: ‘This study makes it abundantly clear how rarely 

a preeise diagnosis is possible during life. Con- 

vulsions in the presence of unconsciousness and of 

deepen: mg cyanosis not responding to oxygen 
zy Suggest pressure on the mid-brain or brain 
nomen stem by haemorrhage arising from a dural tear. 
<c An uncentrollable encephalopathic picture punc- 
-u tuated by convulsive seizures following difficult 
-delivery of a large or post-mature infant is suggestive 
of intracerebral and/or intracerebellar multiple 
perivascular haemorrhages. The dramatically sudden 
appearance in a premature baby of violent, general- 
ized convulsions, a bulging fontanelle and an 
agonizingly piercing cry is in keeping with intra- 
‘ventricular haemorrhage. Otherwise there is no 
clinical picture (apart from that already described 
in connexion with cerebral agenesis) characteristic 
of intracranial pathology of a particular kind or 
with a particular anatomical location. 

. Terminal convulsions irrespective of their patho- 
logical explanation and of the maturity of the infant 
tend to be violent and general. In other circum- 
stances convulsions encountered in small premature 

: babies are generally of a subdued character. Men- 
tion has been made of the occasional simultaneous 

occurrence in these babies of transient cyanotic 

apnoea and generalized tonicity. Incidents of this 
< kind can occur as completely isolated events or as 
events inierspersed between phases of subdued twitch- 
ing or myoclonic activity. As Green and Richmond 
(1954) point out, young infants may demonstrate only 
the tonic phase of a major convulsion. There were 
occasions when even momentary apnoeic attacks 
might im reality have been minimal convulsive 
incidents, but they were not regarded as such for 
the purposes of this study. Nevertheless, the extent 
to which the frailty of prematurity tends to subdue 
the severe manifestations of convulsive tendencies 
was very evident. For this reason it is considered 
that assessment of the potential risks of convulsions 
in the early days of life must have regard to the 
maturity and physical robustness or otherwise of 
the baby. 

Observations made in the present study do not 
agree with ‘the conclusion of Keith, Norval and 
Hunt (1953) that ‘difficulties during delivery have 
very litle to do with persistent neurological abnor- 
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malities’ in surviving infants, and do not support the 
view advanced by Hellström and Jonsson (1953) that 
asphyxial attacks appearing ‘later on and after the 
child has breathed normally’ have a less favourable 
prognosis. The findings in the follow-up series (Table 
9) do su ggest, however, that the general risk of morbid 
sequelae is as great in the case of premature babies 
with slight transient convulsions as in babies born 
at term having prolonged major convulsions. 


Summary 


The clinical findings in 374 newly-born babies 
who had convulsions commencing within 10 days 
of birth are presented. 

The pathological findings in 158 fatal cases are 
considered in relation to clinical observations made 
during life. 

Surviving cases are considered according as the 
diagnoses were proven or presumptive. 

Attention is drawn to the characteristics of 
convulsions arising in cases of cerebral agenesis. 

Emphasis is attached to the absence of ‘febrile 
convulsions’ and of convulsions in association with 
uncomplicated cardio-respiratory syndrome. 

The occasional occurrence of convulsions in the 
presence of cerebral oedema and hypothermia is 
noted. 

The influence of prematurity and the prognostic 
significance of transient minimal convulsions in 
premature babies are discussed. 


The study was only made possible by the courtesy of 
senior obstetrical colleagues and by the enthusiastic 
assistance of a succession of registrar colleagues too 
numerous for individual mention. I am indebted for 
assistance to Miss M. Pattullo and Sister R. White in 
making clinical observatiens, and to the Librarian, the 
Royal College of Physicians, Edinburgh, in obtaining 
references. Especial thanks are due to Dr. Agnes 
Macgregor, Dr. W. Goldie and Dr. D. G. F. Harriman 
for their invaluable criticism and advice. 
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The purpose of this paper is to present the clinical 
findings in two idiot 
brothers in whom the mode and time of onset and 
the pattern of brain anomalies were remarkably 
similar. Clinically there were similarities with 
well-known syndromes such as Tay Sachs and 
schilder’s disease. However, the ultimate diagnosis 
was to emphasize the frequent difficulties encoun- 
tered in determining the aetiology of mental defi- 
ciency with progressive neurological features. 


Family History 


The parents, each an only child, were English and in 
good health. There was no history of consanguinity, 
mental iUYness, epilepsy, ataxia, blindness, skeletal 
deformity or other neurological disease in three genera- 
tions of the family. 


Case Histories 
Case E This child, the first, was born when the 
father was 29 years old and the mother 28. The mother 


attended an antenatal clinic and, after seven months 
TE gestation, developed hydramnios. 
o wise normal as far as is known and the baby was born 
~ at full term. The presentation was occipito-posterior, 
labour was prolonged, and the child was delivered by 


Pregnancy was other- 


forceps. Mo asphyxia was noted at birth but the child’s 
head was. bruised. The birth weight was 9 Ib. 3 oz. 
(4,160 ¢.). He was regarded as normal until 3 weeks old, 
when epilectiform movements were noticed on several 
occasions. At 6 weeks these movements started again. 
They consisted of a spasmodic twitching of the neck to 
the right, and of the left arm and leg, and increased in 
severity toinvolve the whole body, which became straight 
and rigid with the head and eyes deviated to the left and 
© the face becoming red. To begin with he had between 
two and fcar such attacks a day but this became in- 
creasingly more frequent until he was having between 
seven and 0 or more, despite treatment with pheno- 
barbitone. ‘ 

Initially, se was breast fed but at 7 weeks increasing 
difficulty with sucking made it necessary to substitute 
spoon feeding. Up to this time he had been considered 
- anormal child mentally and physically, apart from the 
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seizures. From then on he deteriorated and at the age of 
3 months he was described as lying helpless and barely 
able to move his limbs. He never smiled and appeared 
to be blind. By the age of 3 years and 2 months he was 
described as inert, silent, helpless and drowsy all day. 
He was unable to sit up and could move only his right 
leg slightly. He failed to respond to any stimuli except 
painful ones which provoked a monotonous scream. 
He was deaf and speech had not developed. Feeding 
was difficult because of the extreme slowness in swallow- 
ing. He suffered from severe constipation. Mentation 
and behaviour were such that both were described as 
‘less than that of a new born child’. He had no grasp 
reflex and his developmental quotient was zero. 

CLINICAL FinpinGcs, On admission to the Fountain 
Hospital he weighed 10-6 kg., height 84-2 cm. (normal 
for age and sex is 14-61 kg., height 96-7 cm.). 

At 3 months old his head was markedly asymmetrical, 
though its circumference (45-1 cm.) was slightly larger 
for age (normal: 40-9 cm.). At 3 years 2 months the 
circumference (49-5 cm.) was still within normal limits 
(normal: 50-4 cm.), but the asymmetry was more marked. 
The left frontal region had become very prominent and 
there was left occipital bossing. His teeth were yellowish. 
A spastic paralysis was more marked on the left side, 
especially the leg. There was a right facial weakness, the 
right palpebral fissure being wider than the left and the 
movements of the muscles. of the forehead and the right 
side of the mouth being diminished. Contractures of 
the wrist flexors were present, the hand being flexed at 
the metacarpophalangeal and extended at the inter- 
phalangeal joints. A severe thoracolumbar scoliosis and 
talipes equino-vatus was observed. Babinski's sign was 
positive on both sides and the knee and other tendon 
jerks were exaggerated while the abdominal reflexes were 
absent. A light bilateral rotary nystagmus was also 
noted. The optic discs were atrophic, the edges being 
clear cut. Vessels of the fundi and the maculae were 
normal, 

On the ninth day after sacs to the Fountain 
Hospital he developed bronchopneumonia. He died 
16 days later, at the age of 3 years and 2 months. 

INvesTIGATIONS. C.S.F. examinations showed no 
abnormality and W.R. and Kahn tests were negative. 
An air encephalogram revealed internal hydrocephalus. 

PATHOLOGICAL FinpINGs. The necropsy, on the day 
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after death, was done by the Coroner’s pathologist. 
The cause of death was acute suppurative broncho- 
pneumonia. 

The fixed brain, asymmetrical due to the right hemi- 
sphere being slightly larger than the left, with the cere- 
bellum and brain stem, weighed 915 g. (average normal 
for age is 1,141 g.). Radiographically, the ventricles 
were moderately distended; there was no evidence of 
calcification. The meninges over the frontal lobes and 
tips of the temporal lobes were opaque and congested. 
The superior and middle frontal, and the superior 
precentral sulci, were widened. The surface of the uncus 
was finely granular; the entire corpus callosum was very 
thin, being only 1 mm. thick in its thinnest part. The 
basal ganglia looked normal. There were widespread 
fine ependymal granulations of the lateral ventricular 
walls. The optic nerves were small and at the chiasma 
were 2:5 x 1:5 mm. (normal 4:7 mm. (Duke-Elder, 
1932)), but other cranial nerves and the vessels at the 
base of the brain were normal. 

-HISTOLOGICAL FrnpiINGs. Coronal sections of the 
frontal, parietal and occipital lobes, the basal ganglia 
with temporal lobes, the mid brain, pons, medulla and 
cerebellum were embedded in celloidin and sections 
stained by the usual neuropathological procedures— 
Nissl, Heidenhain, H.V.G., Mallory’s P.T.A.H. and 
Holzer. Paraffin and frozen sections were used when 
necessary for the Holzer, Kultschitzky-Pal, Bielchowsky, 
Turnbull and Scarlet R methods. 

There were conspicuous structural changes in the 
cerebral hemispheres. Nerve cells were sparse in all 
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regions of the cortex, being most marked in layer III. 
Surviving cells appeared normal in size and shape. 
Status spongiosus affected some cortical areas at the 
level of layer III. Perigyral gliosis was marked in the 
frontal, parietal and occipital lobes and to a much less 
extent around the uncus. Apart from shallow undula- 
tions of the surface of the uncus and this slight gliosis, 
there was no histological explanation such as granular 
atrophy to account for the curious naked eye granular 
appearances of the part. 

The white matter in the parietal, temporal and occipital 
lobes was abnormally pale in sections stained by myelin 
techniques. Higher magnifications revealed various 
stages of degeneration of the myelin sheaths and break- 
down such as tortuosity, focal ballooning, varicosity, 
uneven staining and beading. Astrocytes were imcreased 
throughout the white matter and there was a fine reticular 
fibrous gliosis in the corona radiata and the central core 
of white matter of the gyri of the frontal, parietal, tem- 
poral and occipital regions; it was densest in the tapetum. 
Lipid phagocytes were confined locally in a scanty 
fashion to the vicinity of blood vessels. There were no N 
areas of localized softenings, tissue breakdown and cyst 
formation in the white matter. The arcuate fibres were 
involved to an equal extent with other white fibre tracts. 

The thalamus, striatum and pallidum appeared to have 
a normal number of healthy looking cells and a normal 
amount of white matter. Fibrous gliosis was absent. 
Similarly the corpus Luysii and red nucleus were healthy. 

Comparison of the mid brain section at the level of the 
superior corpora quadrigemina with a similar section 











a P 
Fic. 1b.—Case 2, absence of cells in the substantia nigra. 


FiG. la.—Case 1, paucity of cells in the substantia nigra of one half 
x 6. 


of the mid-brain. H.V.G. x 6. H.V.G. 
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Fic. 3. 


Fic. 2.—Case 1, pallor of the cere- 
bellar white matter. Kultschitzky- 
Pal x 2h. 


Fic. 3.—Case 1, gliosis of the cere- 
bellar white matter. Holzer x 24. 


Fic. 4.—Case 1, foci of perpendi- 
cular gliosis in the molecular, 
Purkinje cell anc granular cell layer 
caused puckering of the surface of 
the folia. Mallery’s P.T.A.H. x 100. 





from a control brain (a child aged 18 months) revealed 
definite sparseness of nerve cells in the substantia nigra. 
Those cells present lacked pigment, a normal finding at 
this age, and were in three or four scattered groups 
(Fig. la). Status spongiosus affected the area. In other 
parts of the brain stem there was a normal complement 
of healthy looking cells in the olives pontine and cranial 
nerve nuclei. The pyramids were small and pale. 
Fibrous gliosis was present in the inferior olives and in 
their central core of white matter, hila and white fibres 
around their convolutions. A fine diffuse network of 
glial fibres was present throughout the reticular formation. 

Periventricular gliosis was increased around the 
dilated ventricles. The ependyma was absent in places 
and replaced by ependymal granulations—a feature 
most marked in the fourth ventricle. 

Cellular components of the cerebellum were fewer in 
numbers than normal. This was most obvious in the 
dentate nucleus but Purkinje and granular cells were also 
reduced in numbers. Pallor of the myelin was present 
in the central core of white matter of the dentate nucleus, 
and medullary white matter of the cerebellum and the 
central core of the folia and leaflets (Fig. 2). There were 
large globules up to 70 œ in diameter around several 
blood vessels which stained with the myelin stain. All 
parts of the cerebellum exhibited fibrous gliosis with an 
increase of glial cells; for instance, there were reticulated 
masses of fibres in the medullary white matter and folia 
(Fig. 3), and in the molecular, Purkinje and granular 
cell layers there were focal areas of perpendicular 
gliosis (Fig. 4). 

The optic nerves were demyelinated and composed 
of a network of glial fibres surrounding lacunae from 
which the myelin sheaths had disappeared. 


FIG. 4. 
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Pia arachnoid vessels were congested. A fine picro- 
philic deposit was present under the pia in places. The 
pia arachnoid was thickened and fibrosed over the 
frontal region, but in other cases the membranes were 
normal. 

Clear lacunae were present around many blood 
vessels, especially those in the grey matter and brain 
stem. In several instances similar spaces were filled 
by a fine picrophilic substance. 

There was no evidence of lipoidosis, abnormal pig- 
mentation or calcification. 


Case 2.—Pregnancy was apparently normal, the child 
being delivered by caesarean section just before labour 
began. This operation was performed at the mother’s 
request to avoid a possible birth injury—to which the 
elder brother’s condition had been attributed. The 
birth weight was 8 lb. 15 oz. (4,040 g.). Discharge from 
the hospital was on the 2lst day, normal progress 
apparently having occurred. At 7 weeks, he was 
admitted to hospital because he had started having 
epileptic seizures. They were tonic in type beginning 
with sudden jerks of the limbs after which the whole 
body stiffened. The face became cyanosed and frothing 
of the mouth occurred. These seizures persisted with 
increasing frequency and were triggered off by the slightest 
stimuli, especially during feeds. As in his brother, pheno- 
barbitone seemed to have no effect on the course of the 
fits. Feeding difficulties were also present, and he 
suffered from severe constipation. 

He was regarded as a normal baby up to 7 weeks old 
when the fits started. After that mental deficiency 
gradually became more and more obvious and by the 
time he was admitted to the Fountain Hospital at 
15 months, he was a gross idiot. He lay inert in bed, 
in a sleep-like state most of the time. He appeared to 
be blind and was probably deaf, though he was thought 
to respond to the sound of a bell by momentarily widening 
his eyes and blinking. He failed to respond to any 
stimuli except painful ones to which he reacted by 
crying in a faint monotone. He was unable to suck, 
having to be fed slowly with a spoon; he had no grasp 
reflex and his developmental quotient was scored as less 
than one month, i.e. a little better than that of the elder 
brother. 

CLINICAL FINDINGS. On admission to the Fountain 
Hospital he weighed 10 kg., height 75 cm. (normal for 
age and sex is 10-75 kg. and height 78-5 cm.). The 
head circumference was 45:6 cm. (normal for age and 
sex is 48 cm.). 

At 7 weeks his head was noticed to be asymmetrical. 
The right side of the skull had a steeper contour than 
the left and the anterior fontanelle had closed by 15 
months. The nose was flat and the eyes were slit-like. 
No teeth had erupted. His extremities resembled those 
of a young infant. The thumbs were flexed firmly 
within the palms of the hands. He was unable to hold 
up his head, to sit up or perform any other coordinated 
movements. The muscle tone was slightly increased. 
The Babinski sign was present bilaterally, though all 
the tendon jerks and abdominal reflexes were reported 
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absent. His testicles were undescended (as was the 
case with the elder brother). 

On the eighth day after admission to the Fountain 
Hospital, he suddenly collapsed with severe dyspnoea, 
with a high fever and signs of bronchopneumonia. He 
died two hours later, at the age of 16 months. 

INVESTIGATIONS. At 7 weeks skull radiograph was 
normal. Subdural explorations revealed no haematoma. 
The optic discs were pale. C.S.F., serum chlorides and 
W.R. were all normal. 

PATHOLOGICAL FINDINGS. The necropsy on the third 
day after death was performed by the Coroner’s patho- 
logist. Death was due to bronchopneumonia. 

The fixed brain, asymmetrical due to the right hemi- 
sphere being slightly larger than the left, with the cere- 
bellum and brain stem weighed 807 g. (average normal 
for age is 944 g.). Radiographically, the lateral ventricles 
were moderately distended; there was no evidence of 
calcification. The meninges were congested but not 
opaque. The superior frontal, superior precentral and 
cingulate sulci were widened. The corpus callosum 
was thinner than normal throughout its length; its 
mid part was 1 mm. thick. The surface of the uncus, 
as in the brother, was finely granular (Fig. 5). The basal 
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Fic. 5.—Case 2, the granular appearance of the surface of each 


uncus accentuated by a network of vessels. 


ganglia appeared to be normal size. The ependyma was 
smooth. The optic nerves were small and at their 
approach to the chiasma were 2:75 x 2-0 mm. (normal 
4 to 7 mm. (Duke-Elder, 1932)). The other cranial 
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nerves were normal and vessels at the base of the brain 
were normal. 


HISTOLOGICAL FINDINGS. Coronal sections were 
prepared and stained as for Case 1. The findings in the 
cerebrum, brain stem, cerebellum and optic nerves 
were very similar to those of the brother, although there 
were some differences, notably in the extent of damage 
in the two cases. 

The substantia nigra of Case 2 was more severely 
affected than Case 1 (Fig. 1b). Nerve cells were almost 
completely absent and those which remained were 
degenerated ghost forms. Unlike Case 1, similar 
changes to those in the substantia nigra were present 
in the corpus luysii. There was a condensation of dense 
glial tissue around the putamen of Case 2 (Fig. 6) in 
whose brain stem all parts were more gliosed than in the 
brother. Gliosis was particularly dense in the trapezoid 
bodies. the grey part of the reticular formation, the XII 
nerve nucleus, and in and around the inferior olives. 
Cerebellar involvement was less than in Case 1, for 
instance, the molecular, Purkinje and granular cell layers 
had escaped gliosis, although their numbers were reduced. 
The dentate nucleus and white matter were diseased 
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Fic. 6.—Case 2, glial tissue around the putamen. Holzer x 5. 
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in a similar manner to Case 1. Case 2 had no ependymal 
granulations, although periventricular gliosis was in- 
creased. The meninges were nowhere thickened. There 
was apparently less histological evidence to explain the 
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curious naked eye appearances of the granularity to the 
surface of the uncus since perigyral gliosis was much 
less than in Case 1. The surface was definitely more 
undulant than usual and the hollows were occupied by 
congested meningeal vessels, otherwise the architectonics 
were quite normal. 


Discussion 


Cases bearing some similarity to these brothers 
have been described by Alpers (1931) and called 
‘diffuse progressive degeneration of the grey matter 
of the cerebrum’; Christensen and Krabbe (1949) 
who called their case ‘poliodystrophia_ cerebri 
progressiva (infantalis)’, and Ford, Livingston and 
Pryles (1951) who called the condition ‘familial 
degeneration of the cerebral grey matter in child- 
hood’. Wolf and Cowen (1956) included a case 
under the heading ‘diffuse progressive cerebral 
cortical atrophy’. Their principal findings are 
listed in the Table. 

Convulsions, the earliest clinical manifestations 
in our cases, commenced at 3 weeks (Case 1) and 
7 weeks (Case 2) and were earlier in onset than those 
of other observers. It was possible that the illness 
occurred prenatally in Case 1 since hydramnios was 
associated with intra-uterine life from the seventh 
month. This accords with a view expressed by 
Christensen and Krabbe (1949) who thought that 
the disorganization of the cortical cellular layers 
in their case was congenital in origin although they 
could not exclude the possibility that it may have 
been a consequence of later degeneration. 

Ataxia and choreo-athetoid movements present in 
some of the reported cases (see Table) were absent 
in the brothers. This was possibly due to the 
widespread lesions masking the expected clinical 
features. 

Despite the patients’ failure to pass any develop- 
mental milestones, there were features that the 
disease was progressive, borne out by the fits 
becoming more frequent and severe, increasing 
drowsiness and increasing paralysis of the limbs. 
This conformed with the findings of Christensen 
and Krabbe (1949) who found a series of features 
indicating postnatal progressive processes. 

Birth trauma was an unlikely cause of the con- 
dition, especially in view of the extra care taken to 
prevent this in Case 2, and the lack of supporting © 
pathological features such as ulegyria (cortical 
atrophy) and état marbré (marbling) the cause of 
which is often attributed to birth injury. Slight 
meningeal thickening and some ependymal granu- 
lations in Case 1 suggested an infective cause, but 
both these features were absent in the other child. 
Since the lesions in the two brains were so similar in 
other respects, it was felt that the basic cause of the 
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TABLE 


COMPARISON OF CASES 
DISEASES TO BE CONSIDERED IN THE DIAGNOSIS OF THE TWO PRESENTED CASES 
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Neuropathologica! Findings 


Serevent aenema e raha nanan teat tatiana an Minh ie annaa astern ta 


Detective cortical development, neuronal 


, degeneration and astrocyticprolferation 


in cortex, striatum, pélhidam and 


_ thalamus, cerebellum spared 


Cerebral 


atrophy wih  seeondary 
increase 


in microglia, whereas white 


: matter was fairly well preserved, similar 


findings in basal ganglia. cerebellum 
and brain stem 


Cortical atrophy, destruction of neu- 
rones, proliferation of astrocytes; micro- 
glia and capillary prolfèratien and 
secondary myelinioss. Thalamus: corpus 
subthalamicum and substantia nigra, 
striatum, cerebeHar cortex and dentate 
nuclei were degenerated 


Cerebral atrophy with less of nerve 
cells; thalamus, cerebellam, corpus 
striatum, caudate and dentate nuclei and 


No. of Age 
Authors | Cases | at Clinical Features 
erred | Onset 
Alpers, 1931 ; J 3 months : Convulsions, hyperkinesis, generalized | 
Diffuse progiessive degenera- | ‘rigidity, increased tendon reflexes, 
tion of the grey matter of the | i unable to hold up her head, died at | 
cerebrum : | 3 months 
Christensen and Krabbe, 1949 Í | 8 months Delayed milestones and mental retarda- 
Poliodystrophia cerebri progres- | f : tion and gradual deterioration of both | 
sive (infantilis) i | | mental and physical conditions 
: : , Increasing spasticity and myoclonic 
l : | contractions, abnormal tendon reflexes, 
: : | paresis and ataxia, optic atrophy and 
i : probably deaf and dumb, dental ano- 
: : : malies up to four generations, died at 
' j | 2$ years 
Ford, Livingston and Pryles, 1951 | 4 | Cases! | Mental retardation, epileptic fits, myo- 
Familial degeneration of the | : and2 | tonic and choreo-athetoid movements, 
grey matter in childhood ; | Gyears | increasing spasticity, hemiplegia and 
: ` Case3 | progressive dementia 
i : 6 months | Cases | and 2 were sister and brother 
: i Case4 and maternal uncle died in status 
| ' 4years | epilepticus 
: } Í 
Wolf and Cowen, 1956 8 | 3 months | Epileptic seizures, spasticity, mental 
Diffuse progressive cerebral | to | retardation, blindness and spastic 
cortical atrophy i / 3years — quadriplegia 
| 
Presented cases 2 At birth | Fits, blindness, hypertonus, nystagmus 


: in onset 


lesions had some other origin with perhaps secondary 
infection complicating Case 1; however, this was not 
proved during life by clinical investigations. 

Two of the cases described by Ford et al, 
(1951) were half-sibs (brother and sister). Malamud 
and Cowen (1958) described findings in two male 
first cousins which they regarded as an unusual 
form of cerebellar ataxia transmitted by sex 
linked inheritance. Only one case was examined 
pathologically and features similar to some of those 
of the brothers were described, for instance, gliosis 
of the cerebellar folia, dentate nucleus, inferior 
olives, basal ganglia and optic tracts. 

An appraisal of the clinical and pathological 
evidence and that of the reported cases suggested 
that the lesions in these brothers were probably 
determined prenatally. It was felt that genetic 
factors may be an important influence; though 
there was no proof of this, however. it would 
concur with our view from experience that there 
may be several forms of mental deficiency other 
than well-known conditions such as phenyiketo- 
nuria, amaurotic idiocy and so forth, which may be 
caused by genetic factors. 


| Babinski response variable, idiocy early 


» putamen affected 
' (Some degeneration of posterior-calumn 
and spino-cerebellar tract in spinal 
cord in One case} 


Paucity of nerve cells in cortical grey 
matter, cerebellumand subs tania nigra, 
Pallor of myelin corona radista and 
cerebellum. Fibrous glivsis around 
inferior oliyary nuclei, im tegmentum 
and in Case 2 around. lentiform wucleus, 
Optic nerves pale and gliozed. 


‘Degeneration of the cerebral grey matter”, part 
of the descriptive name used by Alpers (1931), 
Christensen and Krabbe (1949), Ford er al. (1951) 
and Wolf and Cowen (1956) was too Igniting in 
view of the changes in the cerebral white naatter, 
the brain stem and cerebellum, and it seemed 
more appropriate, if the disease is the same, to 
call the condition familial diffuse progressive 
encephalopathy in childhood. 


Summary 

A disorder involving a diffuse progressive 
encephalopathy occurred in two brothers, beginning 
in the first possibly before birth and in the second 
around the time of birth. 

A family study failed to reveal similar cases. 

The main clinical features consisted of progressive 
mental deterioration, epileptic fits and increasing 
spasticity and paralysis. Both childres became 
deaf and blind. Apart from slight nystagmus, there 
were no involuntary movements or other signs of a 
cerebellar disorder. Kyphoscoliosis and equino 
varus were present in both. 
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POSTNATAL PLASMA SHIFT IN PREMATURE INFANTS 


A. C. L. CLARK and DOUGLAS GATIRDNER 
From the Department of Medicine, University of Cambridge and the Cambridge Maternity Hospital 


(RECEIVED FOR PUBLICATION OCTOBER 28, 1959) 


In the normal infant birth is usually followed by a 
substantial rise in the concentration of haemoglobin 
(Hb) and in the packed cell volume (PCV) of the 
blood, while the concentration of plasma protein 
tends to rise only slightly (Gairdner, Marks, Roscoe 
and Brettell, 1958). From these facts we have 
inferred that immediately following birth there is a 
loss from the vascular compartment of a large 
fraction, up to a quarter or more, of the circulating 
plasma. | i | 

We do not know the fate of the plasma lost from 
the vascular compartment, but we have suggested 
that the major changes which take place in the 
pulmonary circulation at birth might be expected to 
favour a shift of fluid from the circulation at this site. 
If so, then shift of plasma into the interstitial spaces 
of the lung might play a part in the pulmonary 
failure which so often overtakes the premature 
infant in the first few hours or days after birth. 
For this reason, we have extended our observations 
to premature infants to determine whether there is 
any relationship between the postnatal haemocon- 
centration effect and the development of pulmonary 
symptoms. | 

Material and Methods 

Cord blood was obtained from. 24 infants with birth 
weight of less than 2,500 g., of whom 22 were born 
vaginally and two by caesarean section. Maternal 
toxaemia was present in six cases, Neither the method 
of delivery, nor the presence of maternal toxaemia 
appeared to affect the results, and they have not been 
separately analysed here. : 

The cord was always clamped as soon as conveniently 
possible, both in vaginal and in caesarean deliveries. 
A blood sample was taken by puncture of the umbilical 
vein between placenta. and clamp. Subsequent speci- 
mens were taken by insertion of a polyvinyl cannula 
(internal diameter 1-0 mm.) into the umbilical vein, or in 
a few cases by femoral vein puncture. Samples were 
taken into siliconized bottles containing ethylenediamine 
tetra-acetate as anticoagulant. 
< Hb concentration and PCV were estimated as 
described previously (Marks, Gairdner and Roscoe, 
1955), in duplicate in most cases. Plasma protein 
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concentration was estimated by the biuret method using 
0:2 mi. plasma. The estimations required less than 
2 mi. blood. | 

The infants were closely observed for signs of respira- 
tory distress; those commonly observed were rapid 
moaning respirations, often with rib recession. Nine 
infants showed such signs and six of these recovered. 

Three infants died at 20, 22 and 32 hours, all showed 
respiratory distress by five hours or earlier. At necropsy 
the lungs showed the picture of secondary atelectasis with 
hyaline membrane in all three cases, together with 
massive intra-alveolar haemorrhage in ors case, and 
broncho-pneumonia in another. 


Results 

Change in Hb Concentration a Few Hours after 
Birth. A second specimen of blood was cbtained 
from 24 premature infants at some time between one 
and eight hours after birth, in most instances about 
two hours after birth. The mean Hb was 17-9 g./ 
100 ml. (S.D. 2-0) in cord blood and 19-4 g./100 ml. 
(S.D. 2-3) at one to eight hours. The difference of 
1-5 g./100 ml. is just significant (P=-0-@5). 

Fig. 1 shows the change in the Hb concentration 
shortly after birth related to the initial cord Hb. 
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@ No respiratory symptoms % Deaths 
A Respiratofy symptoms with recovery 
Fic. t.-~Relation of change in Hb level 1-8 hours after birth to 
initial (cord) Hb level, in 24 premature infants, of whom ame showed 
respiratory distress symptoms with three deaths. A regression line 
has been drawn, but the correlation coefficient is not: significant. 
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- There is some tendency for the change to be larger 
_- when the cord Hb level lies towards the lower side 
ccf normal, but the correlation is not significant 
{correlation coefficient —0- 23), 
“The cegree of postnatal haemoconcentration 
observed in the nine infants who subsequently 
developed respiratory distress, including the three 
who dec, was similar to that in the remainder of 
the group. 










cono Change in Mean Corpuscular Hb Concentration 
oo (MCHC) a Few Hours after Birth. Hb and 
¿a PCV were estimated in cord blood and again in a 
- second specimen taken between one and eight hours 
_ after birth, and Fig. 2 shows the percentage change 
--in PCY compared with the percentage change in 
Hb concentration. Had the Hb concentration and 
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Fig. 2,—Rie ation of change in Hb level 1-8 hours after birth to change 
in packed cell volume, 24 cases. The line bisects the axes. Note that 
the change in Hb exceeds the change in PCV. 


PCV meved strictly in parallel, the points would 
have been grouped about the straight line bisecting 
the axes. In fact, all but one point fall above this 
.. ‘line showing that the rise in Hb concentration is 
-.° proportionately greater than the rise in PCV. Since 


Wes aneio 
PCV 


cular Hd concentration (MCHC), 
indicate a postnatal rise in MCHC. 
The mean MCHC of cord blood in the 24 cases 
-o was 323%, and in blood at one to eight hours, 
_ 33-3%, a postnatal rise of 3 °%. 





defines the mean corpus- 





these results 
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Change in Plasma Protein Concentration a Few 
Hours after Birth. Plasma protein concentration 
could not be measured in all cases, because findings 
were often invalidated by haemolysis, even a trace 
of which renders inaccurate measurements of plasma 
protein. We have not discovered means of avoiding 
this annoying tendency for blood samples taken in 
the early neonatal period to undergo haemolysis. 

In the nine cases where full data were available, 
no consistent change in plasma protein concentra- 
tion was found. The mean concentration in cord 
blood was 5-3 g. and between one and eight hours 


5-2 g./100 ml. Four subjects showed decreases 
of up to 9%, one showed no change and four 


showed increases of up to 12%. 


Discussion 


The Postnatal Haemoconcentration Effect and its 
Relation to Pulmonary Failure in Premature Infants. 
Comparing the Hb concentration in blood at birth 
(cord blood) with that after birth (1-8 hours), our 
findings in premature infants show essentially the 
same changes in haemoconcentration as were 
previously found in normal infants (see Table). 


TABLE 


CHANGES IN BLOOD IN NORMAL AND 
PREMATURE INFANTS 


POSTNATAL 





No. of | Cord | N {- 8. Postnatal 


i 
J 
i 
i 
| 
; 


Cases | Blood | i Hours Change ? A 

(Hbg. | 92 |166 lioi | +i 
Normal MCHC, $ d 92 | 32-3 | 33-6 — +4 
(Piana pn aie, vol T i 65 | 70 | +8 
| (Hb, g. %4 | 24 |179 119-4 49 
Premature | MeH, yA o 24 4} 32+3 | 333 | 3 
| 53 $2 | 2 

i i i 

i 5 l 


Plasma protein, %4 : 9 





In our earlier paper we considered in turn the 
possible causes of the postnatal rise in Hb concentra- 
tion as seen in normal infants, and arrived at the 
conclusion that it results from a reduction in plasma 
volume (Gairdner ef al., 1958). The same argu- 
ments and the same conclusion must apply equally 
to the present findings in premature infants. 

. The fact that while the concentration of Hb in the 
premature rises by an average of 9%, the concentra- 
tion of plasma protein remains virtually unchanged, 
implies that the fluid leaving the vascular compart- 
ment contains about the same concentration of 
protein as does plasma. Thus we conclude that in 
premature infants as in normal infants, birth is 
often immediately followed by the loss of an 
appreciable fraction of the plasma mom the vascular 
compartment. 

As an instance of the magnitude the plasma shift 
may attain, details of one case are given. A 35-week 
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premature infant with a birth weight of 2,240 g. had 

a cord blood Hb level of 18-1 g./100 ml. and a 

PCV of 56%. At 8 hours the Hb level had risen 

to 25-2 g. and the PCV to 75%. It was formerly 

shown (Gairdner er al., 1958) that the ratio 
Plasma volume at birth 
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Plasma volume after birth 

is given by 

Hb (L—0-83 PCV)) 

Hb, (1-—-0-83 PCV) l 
where the Hb level and the PCV are Hb,, PCV, 
at birth and Hbs, PCVs after birth. Inserting in 
this expression the values in our case, the ratio 

Plasma volume at birth ae 98 
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Plasma volume after birth | 
so that in this infant the plasma: volume after birth 
was reduced by almost 50%: 

In this series the magnitude of the postnatal 
plasma shift bears no relation to the development of 
respiratory distress (Fig. 1 ), so that the present 
study has provided no supporting evidence for the 
suggestion that plasma shift, if taking place mainly 
in the lungs, might cause pulmonary oedema and 
so lead to respiratory symptoms. 

The postnatal rise of 3%% in the MCHC is close 
to the figure found for normal infants, and implies 
that birth is followed by a shift of fluid from the red 
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cells. The possible causes of this effect also have 
been discussed in our earlier paper. 


Summary | 

In premature infants, as in normal infants, birth 
is frequently followed by a rapid rise in the Hb 
concentration, and in the packed cell volume of 
venous blood, while the mean corpuscular Hb 
concentration of the red cells increases. 

The cause of these changes is considered to be a 
considerable loss of plasma from the vascular com- 
partment, and a small shift of fluid from the red cells. 

The site at which the plasma leaves the vascular 
compartment remains undecided. Ht was suggested 
that the shift might take. place particular], yx from the 
pulmonary circulation and -so contribute to the 
development of pulmonary oedema and respyratory 
failure in the premature infant, but the development 
of respiratory distress in the premature infants 
studied could not be shown to be related to the 
magnitude of the plasma shift. | 
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Fhe oral administration of iron to anaemic so that the percentage of the dose excreted in the faeces 


; infants e@ften fails to restore the haemoglobin level 
as rapidly as it would in an adult. The reason for 
this failure could be either failure of absorption or 
- g failure to utilize the iron which had been absorbed, 
eae: A deposition of all the iron in the tissue stores 
without any being incorporated in the haemoglobin. 
-It was therefore decided to study the absorption and 
“utilization of iron in anaemic infants and children 
-using tracer quantities of the isotope ®*Fe adminis- 
tered orally. 






Method 


Three control and six anaemic infants and children 
were studied. Blood and marrow studies were made in 
all cases. The anaemic cases had a haemoglobin range 
of from 2-0 to 9-6 g. 





: vaolk | AoE 1° ofo | . 
ees | Dose Absorbed | i Dose | % of | Haemo- 
ae Appearing. Tron. | Recovered | Dose globin 
i dae ' ip Blood | Appearing in Stoal | PA arbes (g.) 
Pee Cont Tols ove | in Blood | 
(edict ERANA Gece eae EE ESAE EAE aaa ret 
EN. 40-0 | 63-5 37 63 11-0 
FLD. c37 l S8 | 37 63 10-8 
LF: 87 a UT 60 40 = 40-8 
o _Anaemic. 
Patients 





. "Two microcuries of *Fe were given in 5 ml. of water 
C which contained 100 mg. of ferrous sulphate or 30 mg. of 
<>l fron. After oral administration of the dose, the faeces 
ol were collected for five days, and bulked. They were 
_- then homogenized in a mixer and an aliquot was counted 
` pe scintillation counter. Blood samples were 
sant four occasions. during the next fortnight into 
_-a-maixture of potassium oxalate and sodium fluoride 
 anticoagu. ant, and counted in the same apparatus. An 
aliquot of the dose was diluted and counted as a standard, 









and circulating in the blood stream could be calculated. 

Blood volumes were determined in each case by the 
Evans blue technique (Muldowney, 1957). The highest 
figure obtained from the blood was added to that from 
the faeces, and the remaining percentage of the original 
dose was considered to have entered the tissue stores. 
In view of the difficulty of performing external body 
counting tests upon small infants this estimation was not 


attempted (Wetherley-Mein, Hutt, Langmead and Hill, 


1956). 
Results 
The relation of four factors was studied, the 
degree of anaemia, the level of °°Fe in the blood, its 
absorption and its utilization. 


Blood Levels of *°Fe. Radioactivity was present 
in the blood in the first examinations (Fig. 1), on 


lo in Blood v. Days after Administration 


40 
| Anaemic—— . 
Controls.------- : 





Q 5 O 5 
Days after administration 


Fic. 1 —Showing rise in the percentage of the isotope administered 
appearing in blood up to a fortnight after administration. 
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the third day and usually continued to rise steadily 
until the seventh day. This indicates that oral 
radioactive iron in tracer doses is rapidly incorpor- 
ated in haemoglobin. This is in agreement with the 
findings of other workers. 


Effect. of Anaemia. The final level reached is 
directly related to the degree of anaemia present 
(Fig. 2) and the more severe the anaemia the higher 
the final level of the isotope in the blood. 

Preliminary experiments were conducted using 
the blood level as a guide to absorption, but it now 
became apparent, as it had to other workers 
(Josephs, 1958) that blood levels are reliable as a 
measure of absorption only if utilization is complete, 
and this only occurs in the anaemias which follow 


haemorrhage and in the iron deficiencies of adults. 


Faecal excretion was. therefore also estimated to 
give an iron balance (Dubach, Callender and 
Moore, 1948). 


Hb. v Maximum blood level. 


inG. 





O EEEN 
-30 40 


O 20 
Max. oof administered dose appearing in blood 


Fic. 2.—Showing that the highest percentages of. ‘administered 


isotope detected in the blood were usually, associated with the lowest 


haemoglobin levels. 


Absorption. This was measured from the faecal 
= excretion which was 37-60°% of the dose adminis- 
tered in the controls, and 8- 85° in the anaemic 
cases. The remainder of the dose administered 
which was not recovered in the faeces, was assumed 
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to have been absorbed. T his gave absorptions in 
the controls of 40-63°% with a mean of 49°%, and 
in the anaemic cases of 10-92 % with a mean of 45 °%. 
These wide variations are in accord with the findings 
in the literature, where absorptions in controls vary 
from 1-5-6°5% to 17-69% (Peterson and Ettinger, 
1953; Bothwell, Mallett, Oliver and Smith, 1955, 
quoted from a table by Josephs, 1958). 

Inspection of the levels in the anaemic cases 
(Fig. 3) suggests that there may be two types of 
anaemic child represented, one with a low absorption 
and one with a high absorption. This is supported 
by the fact that the two cases with high absorptions 
also attained high blood levels of the isotope. 

The effect of anaemia upon absorption is con- 
sidered by most workers to produce imcreased 
absorption, but in the present series this was only 
observed in the two cases in which the diet had been 
deficient, and there was a decrease in the other cases | 
as compared with the controls. í 


A Jo of dose appearing in BLOOD 
| | fo of dose appearing in FAECES 
IOO 
90 
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ANAEMIC. CASES 


CONTROLS 


Fic. 3.—Showing the percentages of the isotope recovered from blood 
and faeces respectively.. 


Fate of Absorbed Iron. jae iron has been 
absorbed it may pass either to the tissues or be 
utilized in haemoglobin formation. eS onsequently 
a study of the factors aa to affect this distribution 
was made. 


ABSORPTION OF RADIOACTIVE IRON BY ANAEMIC INFANTS 


` ==> Level of Isotope in the Blood. There is a direct 

relationship between this and the utilization of the 
absorbed iron. The higher the total uptake of 
“Fe the higher the percentage utilization of the 
absorbed iron (Fig. 4). 
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Fic. 4.-The relation between the amount of isotope appearing in’the 
blood and the percentage of the iron absorbed which was utilized’ for 
haemoglobin formation. 


= Anaemia. This did not appear to affect directly 


the percentage utilization of absorbed iron. 


Absorption. This on the other hand did show a 
slight relationship, a greater percentage of the 
absorbed iron being used for haemoglobin when 
the total absorption was low (Fig. 5). 


o Absorption 
v 


: | 
/o of Absorbed Iron Utilized for Hb. 
ICO 


* 


Š x = Controls 





IO 20 30 40 50 60 
foot Absorbed Iron Utilized for Hb. 
Fig. 5.-Damonstrates the percentage of iron, which, having been 


absorbed, ix used for haemoglobin formation in relation to the total 
absorption of iron, 
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In assessing these results it is seen that radioactive 
iron enters the haemoglobin rapidly and rises to a 
steady level in about a week. The level ultimately 
attained, and the percentage of absorbed iron 
utilized, appear to depend upon the degree of 
anaemia rather than upon the total amount of iron. 
absorbed. This is also suggested by the slightly 
higher utilization which occurs in cases of low 
absorption. 

In the two types of anaemia which we have 
postulated in children, the high absorption and also 
the anaemia of one type, are both probably the 
result of depleted body iron stores, while in the 
other, the stores are probably normal, and the 
anaemia due in part to impaired absorption. 


Discussion 


The first investigations of anaemia in infancy 
showed that the blood picture was similar to that of 
iron deficiency anaemia in adults. This was. the 
finding in all the anaemic cases of the present series 
who had hypochromia and microcytosis with the 
haemoglobin falling much lower than the red cells. 
Early studies of the effect of giving oral iron to these 
patients did not show as good results as were 
obtained in adults. There were in consequence 
many iron balance experiments performed (McCance 
and Widdowson, 1938; Hutchison, 1937) all of 
which showed that much more iron was absorbed 
than appeared in the red cells and that very little 
iron was excreted. It was deduced from this that 
large doses of iron were required for therapy. 
Studies of the plasma iron made about this time 
showed that it existed separately from the haemo- 
globin iron, and that it rose rapidly after ingestion 
of iron (Moore, Arrowsmith, Welch and Minnich, 
1939). 

Radioactive iron (Hahn, Bale, Ross, Balfour and 
Whipple, 1943) was given in tracer doses to dogs 
and was shown to be absorbed rapidly. This 
appeared to conflict with the results of the balance 
experiments but it is now thought that balance 
experiments conducted over a long period are not 
strictly comparable with those which study the 
effects of a single tracer dose. Clinical use of this 
method demonstrated that anaemic adults had 
higher absorptions than normal persons (Dubach 
et al., 1948). The appearance of tracer doses in the 
blood was the method which was employed in the 
preliminary experiments of the present series but 
it became apparent that this was a measure of iron 
absorption, only if all the iron was utilized for blood 
production, and this was manifestly not the case 
(Jeffrey, Freundlich, Jackson and Watson, 1955), 
It has been shown in adults that this only occurs 


358 
after haemorrhage and in iron deficiency anaemia 
(Josephs, 1958). Balance experiments, in which the 
faeces were also estimated, were then introduced, 
and this was the method which we decided to 
employ. The uptake of intravenous doses of Fe 
has also been studied by some workers (Dubach, 
Moore and Minnich, 1946) and is found to be 
increased if the iron stores are deficient, but the 
method would be difficult to use in children, and 
the placing of counters over the viscera would be 
inconvenient in infants. 

Studies in children show that absorption is more 
complete than in adults (Darby, Hahn, Kaser, 
Steinkamp, Densen and Cook, 1947) and that it is 
more complete at 7 years than at 9 years. Contrary 
to former beliefs, absorption does occur at birth, 
but it may well be that utilization is slower (Oettinger, 
Mills and Hahn, 1954). Coeliac disease is associ- 
ated with much impairment of absorption (Badenoch 
and Callender, 1954). We found this increase in 
absorption in childhood and we also found con- 
siderable variation between individual children. 
This has been found in the same patient on different 
occasions by some observers (Smith and Mallet, 
1957). 

Three sources of iron exist for children: the iron 
stores laid down at birth; the iron in the food; and 
therapeuticiron. The birth stores can be calculated, 
and may be deficient in small infants who grow 
rapidly, and in whom both tissue and haemoglobin 
iron may be inadequate in total quantity to supply 
the demands of growth, almost all of which have to 
be supplied from the iron present at birth (Smith, 
Rosello, Say and Yeya, 1955; Hahn ef al., 1951). 

The food iron is probably adequate in artificially 
fed infants, since Feuillen and Plumier (1952) have 
shown that iron is acquired from utensils in the 


process of preparing the feed. Detailed studies of 


the absorption of food iron by children using °°Fe 
have been made by Schulz and Smith (1958a) and 
they have again found greater, but variable, absorp- 
tion of iron in children. They also studied the 
absorption of therapeutic iron (Schulz and Smith, 
1958b) and found that anaemic children absorbed 
more than normal children and normal children 
more than normal adults, who are generally con- 
sidered to absorb about 10% of the dose given. 
Their figures are lower than the present series in 
some instances, but other authors find higher rates. 
It is suggested that the present figures indicate two 
different types of anaemia in children, the one 
associated with a high uptake and the other with a 
lower figure. The possible sources of anaemia in 
childhood are: deficient stores at birth, or undue 
demand upon those stores, or impaired absorption. 
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It would appear that the production of haemoglobin 
and the rate of absorption are not closely related. 
Provided sufficient iron is available haemoglobin 
formation will occur. The two variables are the 
amount absorbed, and the retention and release of 
this iron by the tissues. Tissue store iron appears 


to be in two forms (Neerhout, Armstrong, Schulz 


and Smith, 1958), the one available for haemoglobin 
synthesis and the other not available. What the 
factor may be which determines availability has not 
been determined (Smith er al., 1955). 

It appears that there may be two types of 
anaemia in small children, one associated with 
impaired absorption and slightly. impaired utilization 
but normal tissue stores, and the other with depleted 
tissue stores which take up iron with great avidity, 
and utilize it with increased rapidity for haemo- 
globin synthesis. | o 
Summary 

The absorption and utilization of iron in anaemic 
infants and children was studied using tracer 
quantities of the isotope *Fe. 

It is suggested as a result of these investigations, 
that there may be two types of anaemia in children, 
the one associated with a low absorption and the 
other with a high absorption. 

The chief factor regulating the appearance of 
radioactive iron in the blood appears to be the™ 
degree of anaemia, and the chief factor regulating 
absorption, the state of the body stores. 


The author wishes to express his thanks to the Regional 
Physics Department of the Western Regional Hospital 
Board for the supply of the isotope, and to Dr. M. M. 
Bluhm and his colleagues of that department for a’ great 
deal of technical assistance. 
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APPENDIX 
Clinical Details of Cases Studied 


< “Controls 


was under 


0 McN., aged 5 years, was admitted with tuberculous 
meningitis from which he made a good recovery. He 
jer treatment with P.A.S. and I.N.A.H. at the 





time of the observations, and his haemoglobin was 11 g. 


His birth weight was 6 Ib. and his weight at the time of 


= the experiment was 40 lb. His diet appeared to have 


— 


been acequate. 

F.D., aged 13 months, was a microcephalic admitted 
with bronchitis, his physique was normal and his 
intelligence only moderately impaired. His weight was 
16 lb. and his birth weight was 6 lb. There was no 
obvious evidence of malnutrition and he took his feeds 
well, but it was. possible that having been backward, 
feeding may have been difficult and therefore inadequate. 
His haemeglobin was 10-8 g. at the time of the experi- 
ment waich was started on the seventh day after admis- 
sion. 

J.F., aged 2 years, was admitted with a respiratory 


infection. She weighed 28 lb. and her birth weight was 


© 71b. Her diet may have been inadequate, since mixed 
_ feeding was not instituted until 1 year of age. 


~~ Anaemie Cases 


I.Mc.L.. aged 14 years, was first admitted at 7 years 
with pallor and was found to have an iron deficiency 
anaemia with a haemoglobin of 2-5 g. No adequate 


_. Cause for this was found despite extensive investigations. 
= The condition responded to oral iron but recurred on 


2- several occasions. 
diet was probably inadequate. 


Home conditions were poor and the 
This case differs some- 
what from the others and may be considered atypical. 
His haemeglobin at the time of the experiment was 
8-5 g. 

F.O’D., aged 18 months, was admitted on account of 


an upper respiratory infection and was found to have a 
haemoglobin of 8-4 g. His anaemia appeared to be due 
to three things: the fact that he was a premature baby 
weighing 3 Ib. 11 oz. at birth, an attack of pneumonia at 
6 months and delay in commencing mixed feeding until 
I year. 

J.M., aged 12 months, was admitted on account of 
infantile eczema and transferred to the paediatric unit 
because of a cold in the head. His haemoglobin was 
9-6 g., he weighed 20 Ib. and his birth weight was 84 Ib. 
He had no previous history of infection and the only 
factor to which his anaemia could be attributed was the 
difficulty in feeding sometimes encountered in cases of 
infantile eczema. 

W.D., aged 18 months, was admitted on account of 
stomatitis. Her weight was 23 lb. and her birth weight 
7 Ib. She was found to have a haemoglobin of 9-6 g. 
The cause of her anaemia was almost certainly nutritional 
as home conditions were poor. 

The two remaining cases were those with the high 
uptakes and utilization. 

M.D., aged 11 months, was admitted on account of 
her pallor. Her weight was 23 Ib. and her birth weight 
6¢ lb. Her haemoglobin on admission was 4-8 g. and 
the blood picture suggested a very severe iron deficiency. 
The cause of the anaemia in this case was almost certainly 
dietetic since she had been very difficult to feed. The 
response to oral treatment was immediate. | 

P.S., aged 6 years, weighed 31 Ib. with a birth weight 
of 6 Ib. He was admitted on account of pallor and his 
haemoglobin was 3-0 g. on admission. He was a very 
wilful child who refused to eat meat in any form, and it 
was obvious that the largely carbohydrate diet upon 
which he had been fed, was the cause of his anaemia. 
His response to oral iron was immediate. 


HAEMOGLOBIN ‘BARTS*— — 
A RARE ABNORMALITY IN THE NEWBORN 
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From the Birmingham Maternity Hospital, The United Birmingham Hospitals 


(RECEIVED FOR PUBLICATION DECEMBER 9, 1959) 


The study of qualitative abnormalities in haemo- 
globin is of fairly recent date. Two normally 
occurring haemoglobin variants have, however, 
been known for a long time: adult haemoglobin 
(Hb A) and foetal haemoglobin (Hb F) (Körber, 
1866). They can be distinguished by alkaline 
denaturation, a test which has become routine 
practice in neonatal paediatrics (Singer, Chernoff 
and Singer, 1951). 

About 10 years ago sickle cell anaemia was found 
to be due to an abnormal haemoglobin, now known 
as Hb S, which differs chemically from normal and 
is distinguished by its low solubility in the reduced 
state (Pauling, Itano, Singer and Wells, 1949). This 
decreased solubility implies a tendency to ‘crystal- 
lization’ (more correctly: conversion to semisolid 
gel) within the erythrocyte and is the cause of its 
sickle shape. 

In the years that followed a great number of 
abnormal haemoglobin variants were detected, 
mainly among non-European people. Some of these 
are of great clinical significance, others are chiefly 
of genetic and anthropological interest. These 
variants were designated by the letters of the alphabet 
more or less in chronological order of detection. 

By 1958 progress in this field had gathered so 
much speed, that confusion in nomenclature was 
likely to arise. Also, it could be foreseen that the 
letters of the alphabet would not suffice for all 
haemoglobin variants. So, when Ager and Leh- 
mann (1958) detected a hitherto unknown abnormal 
haemoglobin, they named the new variant after 
the hospital in which the investigation had been 
carried out: Haemoglobin ‘Barts’. This pigment 
was present with both Hb F and Hb A 
in the blood of an infant of mixed West Indian 
ancestry. Subsequently, about 30 infants with 
haemoglobin ‘Barts’ have been detected (Lehmann, 
1959) in Mediterranean and non-European countries. 
This article records the second case observed in 
Great Britain. 
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Case Report 

The infants mother, LB., aged 37 years, is a West 
Indian woman of negro stock. Before coming to 
England in 1956, she had five children born in Jamaica, 
of whom three are still alive. She had been married 
twice, the first husband, a ‘white man’, being the father 
of the first child only. The four other children had a 
Jamaican father. 

The second of these five children died at the age of 
9 days; the cause of death is not known. The fifth child 
was born prematurely and died when 3 days cld. She 
does not know of any blood disease among her children, 
or any other members of her family. 

In this country I.B. contracted a third marriage, also 
to a West Indian. His skin is of the same dark colours 
as that of LB., but his features are not typically African 
and suggest the possibility of some Asian ancestry. 

LB. conceived in 1958, the date of expected delivery 
being June 14,1959. The pregnancy progressed normally 
until 26 weeks when she had an episode of abdominal 
pain and vaginal bleeding. Further episodes of ante 
partum haemorrhage followed, necessitating adnrission 
to hospital. There, the placenta was found to be low | 
lying, but was not considered to be praevia. 

Surgical induction at 38 weeks was followed on 
May 27 by normal delivery of a fernale infant, weighing 
7 Ib. (3,170 g.) and measuring 20 in. (50 cm.). Her 
condition was only fair and in spite of the dark pig- 
mentation the theatre sister noticed her pallor and com- 
mented on it. 

Cord blood examination was carried out by the 
regional blood transfusion laboratory under the direction 
of Dr. W. Weiner, and gave the following results: blood 
group A, rhesus negative, direct Coombs test negative, 
bilirubin 0:6 mg./100 ml. 

The next day the baby’s capillary haemoglobin was 
estimated to be 94% (13-9 g.), This relatively tow value 
was thought to be due, possibly, to transplacental blood 
loss. No physical abnormality was found and progress 
seemed to be satisfactory. 

When the baby was 6 days old marked pallor and 
lethargy were noticed. The spleen was enlarged, but 
not the liver. There was no-evidence of any haemor- 
rhagic diathesis. In view of the baby’s parentage it 
was regarded as essential to exclude sickle cell anaemia 
and to carry out further investigation. 
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Laboratory Investigation. Blood examinations were 
limited by the difficulty of venepuncture and had to be 
spread over a relatively long period. 

The haemoglobin level fell from 10-8 g. (73%) on 
June 1, at the age of 6 days, to 8-6 g. (58%) on June 12. 

A full blood count on June 16 yielded the following 
results: Hb 9-3 g. (63%); R.B.C. 3,580,000: W.B.C. 
25700; P2C.V. 31-5 mi.: M.CV. 88 cn; MCHC. 
30- 5%. 

Reticulocyte counts varied between 0:2% and 3%. 

A stained blood film on June 3 revealed numerous 
target cells and a small number of microspherocytes: 
this finding was repeatedly confirmed on subsequent 
examinations (Fig. 1). 


Pea, 1; 


Fic. 1.—Composite picture of a 

blood film having numerous target 

cells and occasional microsphero- 
cytes. 


Fic. 2.—A normal (AA) compared 
with Baby B. Note ‘fast’ Hb in 
baby. 
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Sickle cells were not found in sealed wet blood film 
preparations, either with or without reducing agent. 
No inclusion bodies were seen in the red cells after ‘cold 
incubation’ with cresyl violet solution. 

Haptoglobin was present in the serum. The serum 
iron on August 7, was 0-059 mg./100 ml. 

Haemoglobin electrophoresis was carried out by 
Dr. H. Lehmann who demonstrated the presence of Hb 
‘Barts’ as well as Hb A and Hb F (Fig. 2). This was 
confirmed on subsequent examinations. 

INVESTIGATION OF THE MOTHER. A full blood count 


was done on June 8, with the following results: Hb. 
12-0 g. (81%); R.B.C. 4,390,000; W.B.C. 5,000; P.C.V. 
43 ml.; M.C.V. 98 cu; M.C.H.C. 28%. 





Fic, 2. 


Bart’s 
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Father 





The stained film showed moderate regenerative 
activity consistent with recovery from a mild anaemia 
of pregnancy. No sickle cells were found. The serum 
iron level was 0:092 mg./100 ml. 

Haemoglobin electrophoresis revealed Hb A only 
(Fig. 3). 

INVESTIGATION OF THE FATHER. Full blood count 
revealed Hb 14:0 g. (95%); R.B.C. 5,700,000: W.B.C. 
7,000; P.C.V. 46 ml.; M.C.V. 81 cu; M.C.H.C. 30%. 

Reticulocytes 2%. Sickle cells were found to be 
present after incubation with sodium bisulphite, in very 
large numbers. 

Serum iron level 0-141 mg./100 ml. 

Haemoglobin electrophoresis clearly demonstrated the 
presence of Hb S, as well as Hb A. The father was, 
therefore, confirmed as a heterozygous carrier of the 
sickle cell trait (Fig. 3). 


Further progress. Baby B. was in reasonably good 
health when discharged from hospital on June 21. The 
haemoglobin level was then 9:0 g. (61%). The infant 
was seen repeatedly in out-patients and found to make 
satisfactory progress, but the haemoglobin level was 
dropping and on August 11 was as low as 7°1 g. (48%). 
Anti-anaemic treatment, including iron, folic acid and 
ascorbic acid was given. At the age of 15 weeks the 
total haemoglobin was 8:6 g. (58%) and haemoglobin 
‘Barts’ was no longer demonstrable. 

The infant was last seen on September 22; she was 
then nearly 4 months old and in good general health. 
The haemoglobin had risen to 9°8 g. (66%), but 
the blood picture was still hypochromic and micro- 
cytic. Target cells were still present and the osmotic 
resistance of the red cells was raised. Haemoglobin 
‘Barts’ was absent from the electrophoretogram, but 
Hb F was still present, accounting for 6:8% of total 
haemoglobin. 

Discussion 


Anaemia in the new-born period can have many 
causes including prematurity, infection, maternal 
deficiency states, blood loss and haemolysis. In 
the present case, a contributory action of maternal 
deficiency anaemia and foetal blood loss cannot 
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be excluded. The presence of 
large numbers of target cells 
is, however, strongly sugges- 
tive of a primary abnormality 
of the red blood cells whilst 
a small number of micro- 
spherocytes may be consistent 
with the haemolytic character 
of the process. 

This anaemia was present 
from birth: the haemoglobin 
reading of 94% on the first 
day of life is definitely low. 
Moreover, pallor was noticed 
at birth. 

The characteristic properties of haemoglobin 
‘Barts’ were summarized by Lehmann and his 
colleagues (Ager, Hunt, Kohler and Lehmann, 
1959). Here we draw attention to only some of its 
peculiarities : 

(1) Both in the process of electrophoresis and of 
chromatography ‘Barts’ is one of the fastest moving 
haemoglobin variants so far known. Its position 
relative to other haemoglobins varies with the 
particular method used and with the pH of the 
buffering medium. 

(2) Spectroscopically, ‘Barts’ is closely similar to., 
foetal haemoglobin and shows the tryptophan 
band, which is characteristic of Hb F. 

(3) Hb ‘Barts’ is less resistant to alkali denatura- 
tion than Hb F, but more so than Hb A. 

(4) Hb ‘Barts’ tends to disappear, with progressing 
age, from the infant’s blood much in the same way 
as ‘normal’ foetal haemoglobin does. 

An apparent exception to this last-mentioned ' 
rule was recently discovered in a child whose 
‘Barts’ had persisted beyond infancy. This child 
was found to be homozygous for thalassaemia 
(Choremis, Zannos-Mariolea, Ager and Lehmann, 
1959). 


Heredity. As haemoglobin ‘Barts’ is associated 
with infancy, there is no hope of finding any evidence 
of it in the parental electrophoretogram. Genetic 
investigations, which play so great a part in the study 
of other haemoglobinopathies, have so far failed to 
yield any positive results. This does not imply 
that we shall necessarily have to wait until those 
few infants with ‘Barts’, who are known at present, 
reach the reproductive age. Genetic information 
may be forthcoming from observation of their 
younger siblings. Where, in addition to true sibs, 
half-brothers and half-sisters are available for in- 
vestigation, the possibilities of study are wider. 
In the present case history, I.B. with her three sets of 






aty ilies almost fulfilled conditions designed for 
ora WY 7 experiments and our peii of not pee 









| ght € of. 4 ur pas edie. this fact is uncon- 
nectec ven the infant’ S hacmoglopinopathy, 


p - Summary 
Haem globin ‘Barts’ was found in the blood of 
n anae 7 c West Indian newborn girl. No evidence 
s abnormal haemoglobin variant was found in 
ceu but. the father _was mae a 





= carried out “the at aTe tests, ' but also 








HAEMOGLOBIN ‘BARTS 


i Beaven, G. H. and Gratzer, W. B. (£959). 
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guided us in the investigation and instilled into us some 
of his own enthusiasm. We are indebted to Dr. Ben 
Wood for permission to publish and to Dr. M. J. Meynell 
for help and advice. We owe thanks to Mr. W. R. 
Lea, F.I.M.L.T., for the microphotograph of Fig. 1. and 
to Mr. William Johnson, F.1.M.L.T., who took great 
pains in performing most of the routine examinations. 
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Pregnancy in a patient with systemic lupus 
erythematosus is not extremely rare. However, 
very few reports dealing with the simultaneous 
occurrence of the disease or some of its mani- 
festations in the mother and her newborn infant 
have been published. In the University Hospital, 
Oslo, we have observed a young woman with 
subacute systemic lupus erythematosus, whose new- 
born son for some time after birth presented 
haematological changes similar to those of his 
mother, probably due to passage of antibodies across 
the placental barrier. 


Case Report 


A housewife, 29 years of age, developed generalized 


lymphadenopathy, leucopenia’ and elevation of the. 


erythrocyte sedimentation rate in February, 1958, 
during her fourth pregnancy. She had had an abortion 
in 1952 and a miscarriage in 1957. In 1953 she gave 
birth to a child who is living and well. In January, 1958, 
she was inoculated with BCG vaccine because her 
husband had contracted a tuberculous infection. She 
remained in fairly good condition until the beginning of 
July, 1958, when proteinuria, haematuria and anaemia 
developed. She was then admitted to the local hospital, 
where normal, spontaneous delivery took place on 
July 14, 1958. 

Following delivery the patient developed a high, 
fluctuating fever which was not influenced by treatment 
with antibiotics in large doses. Her general health was 
poor and she suffered from pains in the chest and 
shoulders. Marked leucopenia with moderate eosino- 
philia was present. The haemoglobin dropped to about 
7 g. %, and there were obvious signs of increased 
haemolysis: reticulocytosis and a positive Coombs test. 
Two blood transfusions had only transient effect and she 
was transferred to Medical Department A, University 
Hospital, Oslo, on October 4, 1958, while her 12-week-old 
infant was admitted to our department. 

On admission she was in poor condition with high 


fever, emaciation and pallor. Her haemoglobin level 
was 7 g. %, but there were no longer signs of increased 
haemolysis. The Coombs test was only weakly positive. 
A weak red cell antibody, probably of the ‘cold’ type, 
could be demonstrated in her serum. She still had a 
persistent leucopenia with a minimum white cell count 
of 1,500 per c.mm. There were 171,000 blood platelets 
per c.mm. Erythrocyte sedimentation rate remained 
high, up to 133 mm., during her stay in the hospital. 
Her urine contained about © 1% protein. Electro- 
phoretic determination of the serum proteins showed a 
marked decrease in albumin (1-8 g. %), and a consider- 
able increase in gamma globulin (3-3 g. %). Typical L.E. 
cells could be demonstrated and a diagnosis of subacute 
systemic lupus erythematosus was made. Under treat- 
ment with corticosteroids she made good progress, and 
was discharged on November 19, 1958. She is now 
receiving 10 mg. prednisone daily as a maintenance dose 
and is able to do her housewerk. 

Her newborn infant looked somewhat pale at birth 
but otherwise appeared normal. He seemed to thrive 
fairly well on cow’s milk during his first weeks of life. 
Because of the mother’s illness he remained in the local 
hospital. After a few weeks his paleness attracted the 
nurse’s attention. However, haematological studies were 
not performed until he was two months of age, when his 
general health seemed to be deteriorating. His haemo- 
globin level was then found to be 3-3 g. %; a few days 
later it was 2-5 g. %j3 erythrocytes 1:23 m./e.mm.; 
reticulocytes, 22:8°,; leucocytes 1,800/c.mm. Bone 
marrow smears showed marked erythroid hyperplasia. 
Within two weeks five transfusions of whole blood had 
to be given, 500 ml. in all, but there was only transient 
effect on the haemoglobin level. A Coombs test, 
performed after the first blood transfusions were given, 
was equivocal. 

He was transferred to the University Hospital, Oslo, 
on October 4, 1958, when 12 weeks old. He was slightly 
jaundiced with serum bilirubin 2-4 mg. %4. His spleen 
was moderately enlarged. He had just received a blood 
transfusion, which had brought his haemoglobin up 
to 10-3 g. %. The white cell count had risen to 5,900, 
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a © completes 
<< graduais reduced and the medication was terminated 


quite we! 


SYSTEMIC LUPUS ERYTHEMATOSUS IN PREGNANCY 


-the differential count was normal, blood platelets 114,000. 
o . LE. cells. could not be demonstrated. The Coombs 
-itest was pow negative. 

In three days his haemoglobin dropped to 5-8 g., 
= = oand his -eticulecyte count rose to 13-324. 

«given a teansfusion of 100 ml. whole blood, but three 

days laterhis haemoglobin level had once more fallen 


He was 





ated 56 £. On October 11, treatment with prednisone 

i a. He was given 10 mg. per day in divided 
Within two weeks the blood picture had become 
normal, The dosage of prednisone was 


on November 10, 1958, since when he has remained 
| -with a normal blood picture. 
Excex sor the haematological changes we could find no 


-. signs of systemic lupus erythematosus in this patient. 


An electrephoreti ic determination of his serum proteins 
revealed < gamma globulin level of 1-2 g. 9%., which is 
_ relatively aigh for an infant 3 months of age. Otherwise 
the serum. proteins were normal. He was group 0 
Fy(a—) k- S— Le(a+) Rh+ (R,r), his mother A, 
Fy(a—) K— S- Le(a~) Rh+. No antibodies against 
the infant's red blood cells could be demonstrated in the 
mother’s. serum, and no platelet antibodies could be 
detected mm either the mother’s or the infant's serum 
(Dr. J. Laindevall). Technical facilities for studying 
leucocyte antibodies or foetomaternal leucocyte incom- 
patibility were not available. 


Discussion 

In short, the case history reported was as follows: 
a woman. 29 years of age, became ill with subacute 
systemic lupus erythematosus during her fourth 
pregnancy, At the time of delivery an exacerbation 
of the dgease occurred with haemolytic anaemia, 
positive Coombs test, leucopenia and possible 
thrombocytopenia. Her newborn infant developed 
similar haematologic manifestations, which, how- 
ever, diseppeared at 34 months of age following 
treatment with blood transfusions and prednisone. 

Pregmaacy may be a serious complication to 
systemic lupus erythematosus, especially in the acute 
cases, wita high maternal and foetal mortality. Ellis 
and Bereston (1952) collected a series of 69 cases 
from the United States, 56 with acute and 13 with 
subacute systemic lupus erythematosus. Treatment 
. with cortwosteroids had not been introduced at the 
_ time these patients were seen. Among the 56 acute 
cases 14 ceaths were recorded in connexion with the 
pregnaney, anc in addition 11 patients became 
worse. In the offspring there were 10 deaths 
in utero aad six in the neonatal period. Among the 
13 womea with the subacute form of the disease 
there wer: no deaths in connexion with pregnancy 
or delivery, anc a few of them even showed some 
improverrent. In six the pregnancy terminated 
with abortion, while the other seven gave birth to 
living, azparently healthy infants. In chronic 
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discoid lupus erythematosus, pregnancy does not 
seem to involve special hazards for mother or child. 

Our knowledge about the causes of foetal or 
neonatal death as a result of maternal systemic 
lupus erythematosus is scanty. Hogg (1957) has 
described the necropsy findings in an infant who 
died on the second day of life, and who seemed to 
have signs of congenital systemic lupus erythemato- 
sus with typical vascular lesions. This child also 
had subendocardial fibroelastosis. Based on this 
Observation Hogg advanced the hypothesis that 
subendocardial fibroelastosis may in some cases be 
due to a collagen disease. Other cases of congenital 
forms of the disease have not been reported. But 
Bridge and Foley (1954), and later other authors 
(Berlyne, Short and Vickers, 1957: Mijer and 
Olsen, 1958), were able to demonstrate placental 
transmission of the L.E. factor to the newborn 
infant. The L.E. test in these cases remained posi- 
tive in the infant’s blood until about 7 weeks of age, 
and then became negative. It is not surprising that 
this factor, being a gamma globulin, can pass the 
placental barrier. 

Haematological manifestations in a newborn 
infant as a result of maternal systemic lupus erythe- 
matosus have not been previously reported. How- 
ever, this may be partly due to the fact that they have 
not always been adequately searched for. We do not 
know precisely when our patient developed his 
pancytopenia. He looked pale even at birth. His 
paleness gradually increased, but his blood picture 
was not studied until he was 2 months old. A 
severe haemolytic anaemia and a marked leucopenia 
were then discovered. Blood platelets were not 
counted at that time. On admission to our depart- 
ment, when he was almost 12 weeks old, increased 
haemolysis could still be demonstrated. The 
leucopenia, however, was no longer present. A 
moderate thrombocytopenia with 114,000 blood 
platelets per c.mm. was found. 

The fact that the patient has remained healthy 
and kept a normal blood picture since the age of 
3% months strongly supports the concept that his 
haematologic changes were caused by antibodies 
transferred from the mother. One must suppose 
(1) that the pancytopenia of this young woman 
with systemic lupus erythematosus was due to 
circulating antibodies, and (2) that there was 
placental transmission to the infant of these anti- 
bodies affecting erythrocytes, leucocytes and 
thrombocytes. 

A similar mechanism is known to operate in 
chronic idiopathic thrombocytopenic purpura. 
About 60% of infants born of mothers with this 
disease get a transient thrombocytopenia, lasting for 
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about two to four months after birth (Epstein, 
Lozner, Cobbey and Davidson, 1950; Nelson, 1954) 
and caused by placental transmission of maternal 
platelet antibodies. 

Passage of red cell antibodies across the placental 
barrier is of course seen in erythroblastosis foetalis. 
In this disease, too, the haemolytic process may last 
for about three months. The occurrence of tran- 
sient haemolytic anaemia in an infant born of a 
mother with autoimmune haemolytic anaemia, as 
in our case, has hitherto not been unequivocally 
demonstrated (Dacie, 1954; Söderhjelm, 1959), but 
might perhaps have been present in the case 
reported by Söderhjelm. 

Transient leucopenia (granulocytopenia) in the 
neonatal period has been described in two siblings 
(Slobody, Abramson and Loizeaux, 1950: Lehndorff, 
1951; Luhby and Slobody, 1956), but must be rare. 
The two siblings reported by Slobody and co- 
workers showed a marked granulocytopenia on the 
third day of life, with complete restitution in three 
to four weeks. The mother’s blood picture was 
normal; leucocyte antibodies could not be demon- 
strated. Still, these authors advance the theory 
that the granulocytopenia might have been elicited 
by foetomaternal leucocyte incompatibility through 
a mechanism similar to that of the anaemia in 
haemolytic disease of the newborn. Payne and 
Rolfs (1958) have shown that multiparous women 
have a higher incidence of leucocyte antibodies in 
their serum than do those who have not been 
pregnant, a finding which may be due to foeto- 
maternal leucocyte incompatibility. However, they 
report that so far not a single case of consequent 
neonatal leucopenia has been found. Simultaneous 
occurrence of leucopenia in a mother and her new- 
born infant has been reported in two families by 
Stefanini, Mele and Skinner (1958). In these cases 
the mothers were suffering from chronic neutro- 
penia. The infants’ blood picture became normal 
in three to four weeks after birth. In one case 
leucocyte antibodies could be demonstrated in both 
the mother’s and her newborn infant’s serum. 

It has been assumed (Dausset, 1956) that the 
leucopenia in systemic lupus erythematosus may be 
caused by the presence of the L.E. factor which, as 
mentioned above, may pass the placental barrier. 
However, in newborn infants with a positive L.E. 
test hitherto reported in the literature, leucopenia 
has not been demonstrated. One cannot be certain 
whether it has not been present, or whether it has 
- been overlooked. 
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Summary 


A woman of 29, developed signs of subacute 
systemic lupus erythematosus during her fourth 
pregnancy. In connexion with delivery an exacer- 
bation of the disease occurred with pronounced 
haemolytic anaemia, a positive Coombs test, leuco- 
penia, and a mild thrombocytopenia. Her newborn 
infant also developed a severe haemolytic anaemia, 
leucopenia and thrombocytopenia, but with com- 
plete restitution at 33 months of age following 
treatment with blood transfusions and prednisone. 

Placental transmission of the L.E. factor has been 
observed by several authors. A single case inter- 
preted as congenital systemic lupus erythematosus 
has also been reported. But pancytopenia in a 
newborn infant caused by systemic lupus erythe- 
matosus in the mother does not seem to have been 
described before. The infant’s haematological mani- 
festations may be due to the passage of maternal 
antibodies against the formed elernents across the 
placental barrier. 

Infants born of mothers suffering from this 
should have their blood picture checked during the 
first months of life, particularly if the mother shows 
prominent haematological changes. 
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Fanconi (1927) drew attention to a syndrome of 
pancytopenia associated with congenital defects 
which has since become known as Fanconi’s anaemia. 
Reports of other cases followed from different parts 
of the world, including one from South Africa 
(Kessel and Cohen, 1953), but the condition remains 
a rare one. 

We report here five cases of pancytopenia with 
accompanwing congenital anomalies, seen in Cape 
Town. Some unusual features are mentioned and 
it will be shown that the syndrome may not be 
recognizec when the associated defects are incon- 
spicuous. 


Case Reports 


Case 1. D.G., a white boy, was first admitted to 
Groote Schuur Hospital in January, 1951, at the age of 
6 years. 

From the age of 14 months he had had recurrent attacks 
of bronchitis. He had also undergone tonsillectomy, right 
` inguinal herniotomy and dilatation for anal stenosis. 
For three months before admission he had been pale, 
anorexic and irritable. 





His parents were in good health. Their first child, a 
girl, was said to have had unilateral polydactyly on the 
radial side, persistent patency of the ductus arteriosus 
and subacute bacterial endocarditis and had died at the 
age of 6 years. 

During the patient’s 20 admissions to hospital the 
following features were recorded: he was pale and 
underweight for his age, weighing 33 Ib. at 6 years, and 
was judged to be of normal intelligence. Microcephaly— 
head circumference was 19% in. at 8 years; microphthal- 
mia, absent testes and hyperpigmentation of the skin 
were noted. Both thumbs were grossly deformed (Fig. 
1) and attached to his hands by soft tissue only. Radio- 
graphs showed maldevelopment of the metacarpals and 
phalanges of the thumbs and retarded ossification of the 
carpal bones (Fig. 2). The radial pulse was not palpable 
at either wrist, but the pulsation of the ulnar arteries was 
forceful. Femoral artery pulsation was normal. A 
systolic murmur, maximal in the pulmonary area, was 
heard at each admission. A systolic thrill in the second 
and third left interspaces and in the neck was occasionally 
recorded, but radiographs of the chest, screen examination 
of the heart and electrocardiogram were thought to be 
within normal limits. 





Fics. 1 and 2.—D.G., aged 7 years. Note abnormality of thumbs and delayed ossification of carpal bones. 
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The original blood findings were as follows: Haemoglo- 
bin was 7-3 g.%; the peripheral blood smear showed 
anisocytosis and poikilocytosis of the red cells; white 
cells numbered 12,250/c.mm., of which 80% were 
lymphocytes, 18% neutrophils, 1% monocytes and 1% 
eosinophils; his blood group was A Rh positive and 
his E.S.R. 34 mm. (Westergren) in the first hour. Bone 
marrow in January, 1953 was normal and a platelet 
count at the same time was 142,000/c.mm. Reticulocyte 
counts varied between 0-5 and 5%. 

The anaemia was unresponsive to haematinics and 
was uninfluenced by splenectomy, which was performed 
in April, 1953. Blood transfusions became necessary 
at increasingly short intervals. In June, 1955 he was 
admitted for blood transfusion and shortly afterwards 
developed pneumococcal meningitis from which he died. 
The occurrence of petechial cutaneous haemorrhages is 
first recorded at this time, when a platelet count was 
3,000/c.mm. No autopsy was performed. 


Case 2. R.W., a white girl, was first admitted to 
Groote Schuur Hospital in July, 1953 at the age of 6 
years. 

It was not made known to us at the time that a super- 
numerary thumb had been amputated when she was 18 
months old. Since the age of 3 her parents had noticed 
that she bruised very easily and she had had recurrent 
respiratory infections, each temporarily responsive to 
sulphadiazine, of which her father, a farmer, kept a 
stock primarily intended for veterinary use. Increasing 
pallor, fatigue and weight loss had been noticed for two 
months. 

Both her parents and three younger binge were 
reported to be well, although it was recalled that her 
mother had been anaemic in her youth. 

On examination the child was judged to be of normal 
intelligence. She was pale and thin, weighing 40 Ib. 
and petechial haemorrhages were noted in skin, mucous 
membrane of pharynx and ocular fundi. The Hess test for 
capillary fragility was positive. A soft systolic murmur, 
maximal at the cardiac apex, was constantly heard 
throughout her subsequent admissions. A mid-diastolic 
murmur, described as blowing in character, was recorded 
at her first admission and again six months later, but on 
no other occasion. 

The peripheral blood showed a haemoglobin of 4:5 
g.%. The smear showed anisocytosis and poikilocytosis 
of the red cells, and the white cells were 1,360/c.mm. 
DO 78%, neutrophils 16%, staff cells 4%, 
monocytes 1%, and eosinophils 1%). The platelet count 
was 8,000/c.mm., reticulocyte count 1-8%, E.S.R. 95 mm. 
(Westergren) in the first hour and the blood group A Rh 
positive. The bone marrow, frequently examined, was 
thought on one occasion to show megaloblastic hyper- 
plasia, but on all other occasions, apart from the constant 
observation that platelets were scanty and megakaryo- 
cytes absent, it was thought to be normal. Radiographs 
of chest, pelvis and long bones, screen examination 
of the heart, electrocardiogram, blood Wasserman re- 
action, osmotic fragility of red cells, serum bilirubin, 
direct Coombs test, Paul-Bunnell test, liver function 
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tests, plasma proteins, fractional test meal and intra- 
venous pyelogram all resulted in normal findings. 

A diagnosis of anaemia, neutropenia and thrombo- 
cytopenia, possibly due to sulphonamide toxicity, was 
made and during 14 subsequent admissions there was 
no reason to alter it. In retrospect, however, it should 
be mentioned that tendon reflexes were noted to be brisk 
on more than one occasion, that generalized hyper- 
pigmentation of the skin was noticed at her 12th ad- 
mission, and that pyuria was a frequent finding, suggesting 
that there might have been some slight renal anomaly 
not demonstrated by intravenous pyelography. 

The majority of her admissions were on account of 
gross anaemia with which epistaxis and infections were 
often associated. Neutropenia and. thrombocytopenia 
were constant findings. Prolonged courses of A.C.T.H., 
cortisone, prednisone, vitamin B,,, folic acid and iron 
were without benefit, as was splenectomy, performed at 
her seventh admission in October, 1954. Blood trans- 
fusion and antibiotics were the only effective forms of 
treatment, and, at the last, even these failed. She died 
of staphylococcal pyaemia with widespread haemorrhagic 
manifestations, pneumonia and jaundice in August, 1957. 
No autopsy was performed. 


Case 3. Ju.W., younger sister of R.W., was admitted 
in May, 1959, at the age of 11 years. 

For the preceding year increasing pallor and a tendency 
to bruise easily had been noted by her parents. Six 
weeks before coming under our care she had been 
admitted to hospital near her home with a sudden onset 
of fever accompanied by flitting pains in the knees and 
ankles. The fever and joint pains were short lived, but 
her anaemia proved unresponsive to oral and intra- 
muscular iron and to vitamin B,, and she was transferred 
to Cape Town for further investigation. 

Her parents and three younger brothers were reported 
to be in good health. 

On examination she was a well grown and intelligent 
girl weighing 74 lb. Pallor of mucous membranes, a 
rather darkly pigmented skin and a short, soft systolic 
murmur, which was loudest at the lower left sternal 
border, were the only abnormal physical findings detected. 

The haemoglobin was 7-5 g.%; the smear showed 
marked anisocytosis and poikilocytosis of the red cells; 
the white cells numbered 7,000/c.mm., of which 94% 
were lymphocytes and 6% neutrophils. Platelets were 
scanty, the platelet count being 58,000/c.mm. E.S.R. 
was 36 mm. (Westergren) in the first hour and her blood 
group A Rh positive. Two attempts at bone marrow 
aspiration having failed to produce more than a few mar- 
row cells, a bone biopsy was obtained by trephine from the 
iliac crest. This specimen was pale, with scanty marrow 
cells, which appeared to be normal and to be present in 
normal proportions. Radiographs of chest and long 
bones and an electrocardiogram showed no abnormality. 
Blood culture was sterile, the Mantoux test negative and 
the urine normal. 

Folic acid 10 mg. twice daily was given for 10 days 
without benefit. Two pints of blood were transfused 
and she was sent home. 
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FiG. 3.—Jo.W., aged 7 years, Note abnormal thumbs; Ju.W. aged 11 years, note difference in size of thenar 


eminences. 


It was felt that the occurrence of hypoplastic anaemia, 
neutropenia and thrombocytopenia in the two sisters 
must have either a genetic or an environmental cause. 
Moreover it was suggested by their father in a letter to 


~eus that his three sons were beginning to look pale. 


Their private doctor kindly sent oxalated specimens of 
blood and examination of these revealed that one, that 
of Jo.W. Case 4), was frankly abnormal. In order to 
search for any possible environmental influence, one of 
us (B.G.) arranged to visit the farm, 200 miles away, 
where the family lived in a region of hot springs. The 
findings were as follows: (1) Scrutiny of the environment 
with a Geiger counter failed to reveal any source of 
excessive ienizing radiation. (2) Investigation, including 
chemical analyisis of the farm water, failed to reveal any 
source of chemical poisoning. (3) Jo.W. was found to 
have abnormal thumbs incapable of active abduction, 
adduction or extension and Ju.W. was re-examined and 
found to have a right thenar eminence smaller than her 
left and to be incapable of abducting or extending the 
right thumb. (Fig. 3). (4) It was now learnt that mother 
and father were distantly related and that R.W. had had 
a supernumerary thumb amputated at an early age. 

A diagnosis of Fanconi’s anaemia could now be made 
and Ju.W. and Jo.W. were asked to return to us for 
further investigation. 

Ju.W. (Case 3) was readmitted in July, 1959. Her 
haemoglobin, which was 12 g.% on her discharge six 
weeks previously, had dropped to 7-5 g.%. The cutane- 
ous hyperpigmentation, noted at her first admission, 
was confirmed by several observers and became more 
pronounced when her anaemia was again corrected by 
blood transfusion. There were numerous bruises on 
her arms and legs and her knee and ankle jerks were 
very brisk. The significance of slight gynaecomastia 
was felt to be uncertain in view of her age. Radio- 


graphs of her hands showed that the metacarpal and 
proximal phalanx of her right thumb was of equal length 
but more slender than that of her left thumb. Intra- 
venous pyelography showed no abnormality. 


Case 4. Jo.W., aged 7 years, brother to R.W. and 
Ju.W., was admitted in July, 1959. 

Slight pallor and a tendency to bruise readily had been 
Observed for about three months. 

On examination there was the striking abnormality of 
both thumbs already mentioned. He weighed 44 lb. 
and his intelligence was thought to be normal. Slight 
hyperpigmentation was confined to the skin of the 
axillae. There was some bruising on the legs and arms. 
Radial pulses were not palpable at either wrist, but the 
ulnar pulsation was forceful. A short, soft systolic 
murmur, maximal at the apex, was heard but there was 
no other evidence of heart disease. The tendon reflexes 
in the legs were accentuated. 

The haemoglobin was 10 g.% : the red cells showed 
anisocytosis and poikilocytosis; white cells numbered 
4,000/c.mm., of which lymphocytes comprised 98% and 
neutrophils 2%. His blood group was AB Rh positive 
and the E.S.R. was 35 mm. (Westergren) in the first 
hour. Very few platelets were seen on the peripheral 
blood smear, the count being 49,000/c.mm. Three 
attempts at bone marrow aspiration from different sites 
produced only scanty marrow cells and further measures 
to obtain a specimen of marrow were not thought 
justifiable. Radiographs showed spina bifida of the 6th 
cervical and 3rd thoracic vertebrae in addition to mal- 
development of the metacarpals. Intravenous pyelo- 
graphy was normal. 


Case 5. P.v.d.W., a white boy, first came under our 
care in January, 1957, when he was 6 years old. 
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At the age of 18 months he had had a bifid uvula 
repaired. Apart from chicken pox he had been well until 
the age of 4 years when excessive bruising and frequent 
epistaxes commenced. Fatigue and dyspnoea had been 
noticed for one week prior to admission. His parents 
and six siblings were said to be healthy. 

He was a fair haired boy of average intelligence 
weighing 41 lb. Numerous bruises were noted, although 
the Hess test for capillary fragility was negative. His. 
skin was rough and dry and his finger and toe nails were 
dystrophic. Bilateral epiphora was present due to 
blockage of both lacrimal ducts. This was improved 
by probing, but soon recurred and resisted further 
treatment. A soft, systolic murmur, present at each 
subsequent admission, was heard at the cardiac apex and 
lower left sternal border. 

His haemoglobin was 5-5 g.%, the red cells showed 
anisocytosis, poikilocytosis and some polychromasia and 
the white cells were 4,500/c.mm. Lymphocytes num- 
bered 72%, neutrophils 14%, staff cells 2%, monocytes 
7% and eosinophils 5%. Platelets were very scanty, 
there being only 10,000/c.mm. His blood group was 
A Rh positive and the E.S.R. 70 mm. (Westergren) in the 
first hour. Other investigations were: reticulocyte count 
4%; bleeding time eight minutes; coagulation time (Lee 
and White) seven minutes: prothrombin index 1009% ; 
thromboplastin generation test abnormal in a manner 
consistent with thrombocytopenia and clot retraction 
normal. 

The following additional tests resulted in normal 
findings: Paul-Bunnell, Widal and brucella agglutination 
tests, blood Wassermann reaction, blood culture, serum 
bilirubin, direct Coombs test, osmotic fragility of red 
cells, plasma proteins and radiograph of chest. Mantoux 
testing was negative and the urine normal. 

Radiographs of long bones showed some widening of 
the medullary cavities consistent with marrow hyper- 
plasia, which was a constant finding in this case. The 
bone marrow showed normal erythropoiesis and granulo- 
poiesis apart from some normoblasts suggestive of iron 
deficiency; platelets were scanty and megakaryocytes 
were not seen. 

Ferrous sulphate 180 mg. was given three times daily 
and the haemoglobin level rose in three weeks to 10 
g.°4, reticulocyte counts remained high and platelet 
counts low. He was discharged on oral iron and was 
seen again three months later for review when the 
findings were unchanged except that the reticulocyte 
count had fallen to a normal level and iron deficiency 
normoblasts had disappeared from the bone marrow. 

Nine months later he was readmitted with gross 
anaemia. Immediate blood transfusion raised the 
haemoglobin level to 11-5 g.°% and prednisone 5 mg. four 
times daily was then commenced and given for five 
weeks. This had no effect on the persistently low 
platelet count, but it was thought possible that a haemo- 
lytic aspect of the disease might have been inhibited 
because, while prednisone was being administered, the 
haemoglobin level rose steadily to 12-5 g.%. He was 
discharged again to his home in the country but within 
a month he was readmitted with extreme pallor. On 
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this occasion he was not transfused. Prednisone was 
again commenced and after one week oral iron and 
ascorbic acid were added. Despite the fact that reticu- 
locyte counts remained slightly above normal and the 
bone marrow continued to show active erythropoiesis, 
three weeks of this treatment resulted in no rise of 
haemoglobin. Splenectomy was now performed and 
one week post-operatively the platelets numbered 
332,000/c.mm. 

He now remained well for four months, but then again 
began to complain of dyspnoea and fatigue on exertion. 
He was readmitted in February, 1959, grossly anaemic 
and it was found that thrombocytopenia had recurred. 
Following blood transfusion, prednisone and tron therapy 
were again tried but without benefit and he was thereafter 
readmitted for blood transfusion at intervals of approxi- 
mately six weeks, neutropenia and thrombocytopenia 
remaining constant findings. On his final admission to 
hospital he was bleeding into his gastrointestinal and 
renal tracts as well as into the skin. Blood transfusion 
failed to control the bleeding and he died on August 22, 
1959, 


Discussion and Review of the Literature 


The disease may be familial, as in Fanconi’s 
original cases, and is then thought to be inherited 
as a recessive trait (Reinhold, Neumark, Lightwood 
and Carter, 1952). It may occur sporadically, for 
which a gene mutation is believed to be the explan- 
ation (Dawson, 1955). We have been able to 
find full descriptions in the literature of 30 cases 
occurring in 16 families and of 13 cases occurring 
sporadically. 


The Congenital Abnormalities. A list of the con- 
genital abnormalities more commonly associated 
with the syndrome is set out in the Table. This 





l TABLE 
CHIEF CONGENITAL DEFECTS IN 43 CASES OF THE FULL 
SYNDROME 

Abnormality Cases 
Pigmentation : 36 
Abnormalities of thumbs i 23 
Shortness i 22 
Microcephaly : iy 
Hypogonadism is 
Hyperreflexia : 13 
Renal abnormalities i 13 
Microphthalmia 9 
Mental retardation 9 
Squint 9 
Delayed ossification centres 7 
Ear abnormalities 7 
Heart abnormalities 6 





includes our own cases and is an amplification of a 
similar one drawn up by Dawson (1955). Hyper- 
pigmentation of the skin, the commonest abnor- 
mality, was found in four of our patients. De- 
formities of thumbs, and sometimes also of the 
radii, were frequent findings; the former anomaly 








=o were renal anomalies. 
~. single kieney (Kunz, 1952; Levy, 1952; Reinhold 
et al, 1852; Kessell and Cohen, 1953; Cowdell, 
-< Phizacketley and Pyke, 1955; Dawson, 1955); 


PANCYTOPENIA WITH CONGENITAL DEFECTS 


“was present in four of our cases. Several authors 
commented on delay in the appearance of the 
-o ossHicaten centres in the carpal bones; this anomaly 


we found only in our first case. Shortness of 
Stature, aypogonadism and abnormalities of the 


-somervous system, including mental retardation and 


: hyperrefiexia, were not infrequently reported as 
: : The last took the form of a 


ectopic position of one kidney (Beautyman, 1951: 


aS Francis, Moir and Swift, 1955) and, in one case, a 


horse-shoe kidney (Dacie and Gilpin, 1944). Con- 
genital cardiac anomalies were occasionally found. 
All our eases had systolic murmurs, which persisted 
after tramsfusion, but further cardiological investi- 
gation was not suggestive of any specific abnormality. 
We are mot sure, therefore, whether the murmurs 
were incicative of some minor cardiac pathology 
or not. One of our children had a partial spina 
bifida of a cervical and a thoracic vertebra. This 
occurred » one of Shaw and Oliver’s cases (1959), 
while Lynch, Sherman and Elliott (1954) stated that 
they had beard of a child with pancytopenia and this 
associated anomaly. A feature, found in two of 
our cases, which we have not seen mentioned else- 
where, was the fact that the radial pulses could not 
be felt. 1° Case 5 (P.v.d.W.) is accepted as belonging 
to the symdrome, his anomalies are yet others to add 
to the list. 


The Bleed Picture. In the protocols consulted, all 
patients had greatly reduced platelet counts and in 
most cases'there was a leucopenia especially affecting 
the neutrophils. Variation in size, shape and colour 
of the red-cells was common. Reticulocyte counts 
varied from less than 1° in many cases to quite 
high levels in others. In cases in which the sedi- 
mentation rate was reported this was nearly always 

ray raised, but as there was usually an 
wing anaemia the significance of this 
finding is uncertain. The bone marrow, sometimes 
initially described ‘as normal, eventually nearly 















always showed reduced numbers of all blood 
forming elements. 
Age of Onset and Sex Distribution. The more 


obvious defects are usually noticed soon after birth 
though some are not apparent until later. Anaemia 
is not uswally manifest until after 6 years of age, 
although is onset has been reported both earlier 
and later ihan this. There are cases on record 
where the anaemia only became apparent in adult 
life (Rohr, 1949; McAlpine, 1954; Cowdell et al., 
1955). ethe other hand, Emery, Gordon, Rendle- 
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Short, Varadi and Warrack (1957) have reported 
two infants dying in the neonatal period. Both 
had haemorrhagic manifestations with scanty plate- 
lets and in both cases the radii were absent. They 
quoted five similar cases from the literature. All 
were sporadic in origin. Shaw and Oliver (1959) 
have recently given an account of the same blood 
and skeletal defects in two siblings in the first 
months of life. These findings indicate that the 
anaemia may, on occasion, occur in extreme youth 
in both the sporadic and familial types of Fanconi’s 
anaemia. 

In the cases we have studied or read about, 43 in 
all, the disease occurred twice as often in boys (29) 
as in girls (14), but as the numbers are small it is 
not certain if this is the true sex incidence. 


Variants. There appear to be possible variants of 
the syndrome. Estren and Dameshek (1947) de- 
scribed two families in which three and five members 
respectively died from hypoplastic anaemia. 
Though none of these had associated anomalies, 
their familial nature would seem to link them with 
Fanconi’s anaemia. 

In another report Cowdell et al. (1955) tell of 
two brothers both of whom had typical congenital 
defects. One of them showed anaemia at the age 
of 22 years; the bone marrow was hypoplastic and 
he died one year later. The other brother developed 
leukaemia when 27 years of age. This suggests 
another direction in which the disease may show 
itself. 


Treatment and Prognosis. There is no known 
curative treatment. All types of haematinics have 
been tried and steroids have been used in some of 
the cases reported (Kunz, 1952; Kessell and Cohen, 
1953; Francis et al., 1955) as well as by ourselves. 
No real benefit has resulted from any of these 
forms of treatment. In a few cases it has been 
claimed that splenectomy has improved matters, 
particularly when the reticulocyte count has been 
high, but for the most part the course of 
the disease has been uninfluenced. There was no 
improvement in our three patients who had their 
spleens removed. Repeated blood transfusion is 
the only means by which definite temporary im- 
provement can be effected. Intervals between 
transfusions become progressively short and even- 
tually blood has to be given about every two months | 
and sometimes more frequently. 

The disease is invariably fatal, with the single 
exception of Dawson’s (1955) case of a girl first seen 
with anaemia at 10 years of age. At the age of 20 
she was reported to be alive, well and married. 
The usual duration of illness is from a few months 
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to several years, the average life expectancy being 


two to four years after the first appearance of 


anaemic symptoms. In most cases death has been 
due to infection or massive haemorrhage. 

Fanconi’s anaemia should be considered in the 
differential diagnosis of all cases of pancytopenia. 
A careful examination for congenital defects, how- 
ever minor, should be made and other members of 
the family should be investigated for signs of the 
trait. If this is not done the syndrome may not be 
recognized, as occurred in the first two members 
of the family we have described. It was only when 
the third child was seen that the correct diagnosis 
was made and the significance of barely noted 
defects in his sisters was appreciated. 


Summary 

Four cases of Fanconi’s anaemia are presented as 
well as a fifth case which it is suggested may be 
another example of this condition. 

That the disease may not be recognized if the 
associated congenital defects are minor ones is 
exemplified in two out of three cases found in one 
family. 

The literature is reviewed and the congenital 
defects which commonly occur are listed and dis- 


cussed including some unusual manifestations in 


our Cases. 


Our thanks are due to Professor F. J. Ford for helpful 
advice, to the Medical Superintendent, Groote Schuur 
Hospital for permission to publish and to Mr. B, Todt, 
hospital photographer, for the photographs. 
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Addendum. 

When this article was submitted the paper by 
Shahidi and Diamond (1959) on the treatment of 
aplastic anaemia with a combination of testosterone 
and steroids had not yet appeared. 

Our two surviving children are now being treated 
in this way and the results will form the subject of 
a future communication. 
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-~ The morbid anatomy of Hirschsprung’s disease is 


Eb _ now firmly established. Swenson and Bill (1948) 
noted that the dilated colon which figures so largely 


in the earlier description of the disease terminated 
at a point proximal to the anus and was followed 
by a spastic segment. They concluded that the 
obstruction was due in some way to this segment 
-and thai the hypertrophy and dilatation of the 
bowel above was secondary to this obstruction. 
Further work by Zuelzer and Wilson (1948), 
Bodian, Stephens and Ward (1949), Whitehouse 
and Kernohan (1948) and Swenson, Rheinlander 
and Diamond (1949) has shown that in the narrowed 
spastic segment there is a complete absence of the 


mee ganglion cells which form Meissner’s and Auerbach’s 


Instead there are large bundles 
of non-medullated nerve fibres occupying the 
position of the plexuses. This aganglionic segment 
extends from the anus up to the dilated part of the 
bowel. Examination of the dilated colon itself 
shows that there is hypertrophy of the muscle 
walls, but that the intramural ganglion cells are 
* present in the normal quantities and arranged in 
the normal manner. 
The abnormalities of function of this aganglionic 
- segment are less clearly defined. Barium enema 
shows that this segment extends from the anus 
to the rectosigmoid junction or distal sigmoid colon; 
it appears narrow and can sometimes be seen to 
undergo segmentation. Proximal to this segment 


intramural plexuses. 


the bowel enlarges to form the typical megacolon. | 


Using a technique which involves the recording 
of intracolonic pressures by means of multiple 
balloon at various levels in the lower bowel, 

Swenson ef al. (1949) showed that there was 
increased tone with an absence of normal peristalsis 
in the narrowed segment. Davidson, Sleisenger, 
Steinberg and Almy (1955) described the effect 
of mecholy! on the activity of the colon in Hirsch- 
sprung’s disease as recorded by catheters in the 
lumen of the gut. They noted that in records taken 
from the aganglionic segment of six patients with 
Hirschsprang’s disease, mecholy!] produced no 


change; whereas in 20 normal subjects there was 
no change in 11, and relaxation of the bowel 
in nine. In discussing their results they noted 
the possibility of using this method for mapping 
out the aganglionic segment of intestine, and they 
also commented on the absence of any increased 
sensitivity of the intestine to cholinergic drugs, such 
as is found in the aganglionic part of the oesophagus 
in achalasia of the cardia, and such as would be 
expected from Cannon’s law of denervated struc- 
tures. They conclude that this ts due to the lesion 
being congenital rather than acquired. 

It seemed that there was room for further investi- 
gation of the changes in the colon which occurred 
in Hirschsprung’s disease. In the experiments 
which are described below, various properties of 
intestinal muscle obtained at operation from the 
aganglionic segment of gut from patients with 
Hirschsprung’s disease and from a similar region in 
normal controls were examined to determine more 
accurately the nature of the derangement of function. 

The following investigations were carried out: 

(1) The response of the muscle strips to the action 
of various drugs in vitro; 

(2) The response of muscle strips in vitre to 
electrical stimulation at various voltages and dura- 
tion of stimulation; 

(3) The presence or absence of ganglion cells in 
all specimens examined by the above methods was 
checked by ordinary histological means. 


Response to Drug Stimulation 


Method. Specimens of muscle both longitudinal and 
transverse were removed at operation from the agan- 
glionic segment of bowel of patients with Hirschsprung’s 
disease and from similar regions of the pelvi-rectal 
junction and upper rectum from patients with miscel- 
laneous conditions. The mucous membrane was 
removed and strips of muscle were suspended in oxy- 
genated tyrode at 37° C. The contractions of the muscle 
were recorded by a lever writing on a smoked drum. 


Results. The response of the muscle strips to 
stimulation by drugs and the effect of various 
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blocking agents is shown in Tables 1, 2 and 3. 

It can be seen that the normal muscle, and the 
muscle from both the aganglionic segments can all 
be stimulated by acetylcholine and that this response 
can be blocked by atropine but not by succinyl 
choline. Furthermore, muscles from all three sites 
will respond to nicotine with a contraction, although 
sometimes this response could only be obtained after 
the addition of eserine. It was also found that 
eserine would always increase the amplitude of the 
contraction with nicotine. The nicotine induced 
contraction could always be partially or completely 
blocked by hexamethonium and completely blocked 
by atropine. These findings hold true for both 
longitudinal and transverse muscle strips. 


TABLE I 


THE RESPONSE OF LONGITUDINAL AND TRANS VERSE 
NORMAL MUSCLE FROM THE UPPER RECTUM 
AND COLON TO DRUGS . 
| | Blocking Agent 


: i even rannnnnnananranomennns i tnteamereantettrcre/eteAnt et ARLE AOAC AACA a A 


Stimulating Agent | Response | Hexame- | Sacciny! 
i > thonium | Atropine | Choline 
@ Omg.) (100 ng.) | (2> Omg.) 
Nicotine 400 ug. | + (2) Bi Bi 0 
0 (1) : : 
Eserine 100 ug. -+ | O B BE 0 
Nicotine 400 ug | Increased res- | ! ; 
; ponse ; 
Acetylcholine | ; i ; 
20-50 pg. | ks pa o BE 0 
Noradrenaline ' Cor fallin ca T > 2 
00 ug. | (i Sey aan 


Adronanne 100 ug. | | Oor falli in base 
line ot 
50 mi. bath: 4. == contraction: ETE = oa. D = no effect 
Fi igures in brackets <= ‘number of experiments 


TABLE 2 


THE RESPONSE OF TRANSVERSE MUSCLE FROM THE 
AGANGLIONIC SEGMENT. OF GUT I 
HIRSCHSPRUNG’S DISEASE 


na anaana a aaa 


{mma 











3 Blocking Agent. 








| 
SEPUR Agent | Response : Hexame- |  Succinyl 
l | | thonium | | Atropine | Choline 
elas 20mg.) (100 ug.) | (2-0 mg.) 
icotine 400 ug. | - (4) BIQ) B® | O(2 
. ; : 0 {1} 
a ‘serine 100 ug. + es ot ©) ee BI (3) BI (5) | 0 (2) 
Nicotine 400 ug. i Increased in all | : 
! specimens 
Acetylcholine po re | 
20-50 ug. ; + (3) BIG)  @@) 
Noradrenaline | 0 (1) : 
100 ug. | Base line low- | ; 
ered (3) : ; 
Adrenaline 100 ug. | a(i kg l 
| Base line low- | ; 
. ered (3) ; ; 


5 Hydroxy trypt- | ! | Base line low- | : i 
amine | ered (1) : ! 


As for Table 1 
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TABLE 3 
THE RESPONSE OF LONGITUDINAL MUSCLE, FROM THE 
AGANGLIONIC. SEGMENT OF GUT I 
HIRSCHSPRUNG'S DISEASE 


| Blocks ng Agent 


y 





Stimulating Agent Response . Hexame- | ; | Succiny! 
; . thonium ` | Atropine Choline 
_Q Omg.) (100.ng.)" (2-0 me.) 
Nicotine 400 u l s BI iB , BI 19 00 
Eserine 100 ug. +) +O BIG) BO | 0M) 
Nicotine 400 ug. | Increased i mali- 
= specimens ` 
Acetylcholine i e (3) : Bi (3) 0 (2) 
50 ug. . E ; 
Noradrenaline 0 (3) ; 
00 ug. : Base line low- | 
; ered (1) : 
Adrenaline 100 u 0 (23 ; 
+ Base line low- 
i ered (1) ; 
5 Hydroxy trypt- | Q 


amine 100 ug, 
As for Table 1 

It is widely held that. the stimulating action of 
nicotine is confined to the ganglion cell and that 
it has no action on either pre- or post-ganglionic 
nerve fibres or on smooth muscle. In the case of 
the normal gut, the response is as would be expected, 
but the contractions of the aganglionic segmente 
from the subjects with Hirsel isprung’s. disease, 
which could be consistently | roduced by nicotine, 
are more difficult to. explain. The fact that the 
nicotine induced contractions could be blocked by 
atropine and augmented by eserine suggested that 
the nicotine was stimulating some structure within 
the colon wall which would - release acetyl choline 
and which was associated with ‘some cholinesterase ` 
system. 





































Response to Electrical Stimulation 


In 1955 Paton described a method ef stimulating | 
the guinea-pig intestine by means of coaxial elec- 
trodes. He concluded that it was possible to` 
distinguish by this method of excitation between — 
pre-ganglionic, post-ganglionic and effector cell 
structures. | 

The nature of our specimen obtaitied at operation 
made this method of stimulation impossible, but it 
was considered worthwhile. to investigate the 
nature of their response to. electrical stimulation 
by another method. 


Method. The strip of muscle was anoni in Oxy- 
genated tyrode at 37° C. Silver electrodes were applied 
to both ends of the strip and just before stimulation 
the level of the tyrode was lowered until the muscle and _ 
electrodes were completely uncovered. The muscle was 
then stimulated along its longitudinal axis and the con- 
traction recorded on a revolving smoked drum. 
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The stimulator provided simple rectangular voltage 
ises of variable duration (10 usec. to 300 msec.) 
d amplitude (0 to 200 volts). Its output impedance 
as 300 ohms. In preliminary experiments the current 
wave form was observed simultaneously with the voltage 
wave form by means of a double beam cathode ray 
oscillograph. It was confirmed that the current wave 
orm was also substantially rectangular except for the 
sual small spike of relatively short duration (associated 
with. the capacitative component of the impedance 
— between the electrode) at the rising edge of the pulse. 
“The resistance of the electrodes and specimen ranged 
-> from 2,000 to 4,000 ohms. For example, for a pulse of 
a amplitude 100 volts the current was of the order of 40 mA. 
= With this longitudinal arrangement of the electrodes 
-- aconsiderable proportion of the total current presumably 
flows along the moist film over the surface of the speci- 
--men.and does not contribute to the effective stimulus. 
The threshold voltage required for stimulation was 
h determined by increasing the amplitude of single pulses 
= jn steps until a slight muscular contraction was observed. 
: The tyrode level was then raised and the muscle allowed to 
-= rest. for Ave minutes before another determination of 
.. threshold: for a pulse of longer duration; thus intensity 
motes duration curves were uae 












Results.. Fig. 1 shows the intensity duration 
“curve obtained from muscle from the upper rectum. 

It can be seen that the pattern produced with the 
m longitudinal muscle differs a little from that obtained 
spy stimulating transverse muscle, furthermore, after 
he muscle is atropinized there is a shift in the curve 
“obtained from transverse muscle but not in that 
obtained f rom agiendinal muscle. 










f c aglionic upper rectum of patients 
; : with irnsprangs ne and it can be seen that 








on Sonia ‘muscle from patients 
sprung’ s disease is similar to that from 


Discussion 


5 These: experiments. were undertaken to investigate 
some of the properties of aganglionic intestinal 
smooth muscle from subjects with Hirschsprung’s 
disease. 

| The first group of experiments was concerned 

= with the response of this muscle to various drugs. 

_ The response of the aganglionic muscle to nicotine 
was surprising; all the evidence obtained suggested 
that a structure was being stimulated which was 

capable of releasing acetylcholine, but extensive 

_ search failed to reveal any ganglion cells. It would 

appear, therefore, that the stimulating effect of 

= nicotine as far as the intestine was concerned ex- 
|- tended beyond the ganglion cells and that other 
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structures could also be stimulated. Of the nature 
of these structures it is only possible to speculate, 
but the tissues which are most obvious or most 
likely to be concerned are the whorls of non- 
medullated nerve fibres which appear in the position 
usually occupied by Auerbach’s plexus and it is 
not unreasonable to suggest that these structures 
are capable of being stimulated by nicotine to release 
acetylcholine. 

Experiments by Kottegoda (1953) strongly suggest 
that nicotine is capable of releasing adrenaline-like 
substances from isolated rabbit ear and that this 
action can be blocked by hexamethonium. It 
seems that release of adrenaline from local chrom- 
affin tissue is unimportant here as noradrenaline 
relaxes rather than contracts this muscle and the 
augmentation of the response by eserine and its 
blocking by atropine suggest a cholinergic rather 
than an adrenergic mechanism. 

The hope of clarifying the situation by differen- 
tiating between stimulation of muscle and nerve 
by varying the durations of electrical pulse wave was 
disappointing. Small difference could be detected 
between the transverse muscle from the aganglionic 
segment on the one hand and normal gut on the 
other. As far as they went they suggested that it 
was not possible to stimulate the release of acetyl- 
choline by electrical means as in normal intestine, 
but the differences were very small and the pos- 
sibility of some form of artefact could not be 
excluded. 

It can therefore be concluded that in the agan- 
glionic segment of gut in Hirschsprung’s disease, 
although there are no ganglion cells present, there 
are certainly structures which can release acetyl- 
choline when treated with nicotine and cause the 
intestine to contract. 

The most likely site of this acetylcholine release 
would be the whorls of tissue which appear to 
replace Auerbach’s plexus in the wall of the gut. 
Whether these structures are capable of playing any 
part in intestinal activity is not clear, but the presence 
of some structure which resembles nervous tissue, 
and which is capable of releasing acetylcholine, 
may account for the absence of hypersensitivity 
of the intestine to cholinergic drugs. For to obey 
Cannon’s law of the hypersensitivity of denervated 
structures the muscle should be truly denervated. 


Summary 


The response to drugs and electrical stimulation 
of strips of aganglionic intestine from patients with 
Hirschsprung’s disease has been determined and 
compared with normal muscle from the same level. 

The results show that there is present in the 
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Fic. 1.—-Intensity duration curves: of 
normal transverse and tongitudinat À 
muscle from the upper rectum before ~ 

and after atropine 1 : 500,000.. 
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SPONTANEOUS PERFORATION OF THE COLON 
IN THE NEWBORN INFANT 


BY 
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for Medical Research, Johannesburg 


(RECEIVED FOR PUBLICATION SEPTEMBER 15, 1959) 


If one excludes those cases of perforation which 
are secondary to volvulus, intestinal atresia, con- 
genital bands, intussusception, herniation of the 
bowel, meconium ileus or -Hirschsprung’s disease, 
there remains a group of newborn infants who 
- develop perforation of the colon without apparent 
cause. 

Spontaneous perforation of the colon in the 
neonate was first described by Breslau in 1863. 
It is a rare event and up until 1939 only 26 case 
reports could be traced in the medical literature by 
Thelander. | 

A number of factors have been considered in the 
aetiology of spontaneous perforation such as 
trauma during delivery (Zillner, 1884), congenital 
defects of the bowel with diverticulum formation 


(Fischer, 1928), localized vascular insufficiency, and 


intrauterine or post-partum infection (Thelander, 
1939). In 1888 Paltauf reported five cases which 
he attributed to coprostasis. This aetiological 
concept has recently received support from the 
clinico-surgical and pathological studies by Zachary 
(1957) and Emery (1957) of a group of newborn 
infants in whom inspissated faecal plugs gave rise to 
stercoral ulceration with perforation. These authors 
suggest that the observed faecal impaction may be 
due to an imbalance between fluid absorption and 
of propulsion of material ‘along the colon. More 
recently Haas (1958) has reported a newborn infant 
with perforation of the transverse colon in whom 
a haemangiomatous abnormality at the site of 
perforation was demonstrated. 

There still remains a group of newborn infants 
with one or more perforations of the colon and in 
whom no clear cut cause can be discovered. 

In this paper two further cases of spontaneous 
perforation of the colon are reported. In one of 
these, perforation occurred during or immediately 
after birth and this was associated with marked 
intraperitoneal haemorrhage. The cause of the 


perforation was undetermined. The other child 
was a premature infant who developed the per- 


‘foration nine days after delivery -and_ histological 


examination showed fungal infection at the site of 
perforation. 


Case Reports 


Case 1. This female infant was delivered at term 
as a vertex presentation by a district midwife after an 
uneventful pregnancy. The child- appeared to be 
vigorous after birth, but abdominal distension with 
oedema of the vulva was noted. One blood-stained 
stool was passed after birth and this led to the admission ' 
of the child to this hospital. 

On examination, six hours after delivery, the child 
appeared somewhat pale but not greatly distressed. 
The weight was 5 Ib. 5 oz. and the rectal temperature 
was 95° F. The most striking feature was marked 
distension of the abdomen. There were- prominent 
dilated veins on the anterior abdominal wall which was 
oedematous in its lower half. There was also oedema 
of the vulva. Percussion of the abdomen elicited 
shifting dullness. A radiograph of the abdomen showed 
air in the stomach and small bowel. There were no 
fluid levels indicating obstruction. Examination of 
venous blood revealed a haemoglobin level of 9-0 g./ 
100 ml. | 
An abdominal paracentesis at McBurney’s point 
yielded blood-stained fluid with a haemoglobin level of 
2-5 g/100 mi. A preoperative diagnosis of rupture 
of the liver was made and the child was transfused with 
100 ml. of group O Rh positive compatible blood. 
At laparotomy blood-stained fluid escaped from the 
peritoneal cavity. Floating in this fluid were fragments 
of fresh meconium (later confirmed histologically). 
Careful inspection of small and large bowel failed to 
reveal a perforation. A Meckeľs diverticulum was 
found, but it appeared to be intact. No rupture of the 
liver was found. The omentum was stained green by the 
meconium but there was no evidence of peritonitis. 

The abdomen was closed again and the child was 
maintained on intravenous fluid (0°2% saline in 5% 
invert sugar) while gastric suction was applied. There 
was no indication of postoperative bleeding, bul 
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48 hours after the operation she suddenly collapsed and 
died. 

At necropsy the peritoneal cavity contained a small 
quantity of semi-fluid dark brown material. There was 
some acherence of the bowel loops. A small perfora- 
tion 3-4 mm. in diameter was found in the region of the 
hepatie flexure of the ascending colon and a small 
quantity of meconium was emerging from the perfora- 
tion. The anatomical position of the bowel at autopsy 
appeared normal and there was no evidence of volvulus 
or intussusception. There was thus no obvious cause 
for the perforation. Other organs showed no abnor- 
malities except for some patches of atelectasis of the 
lungs. 

Histelogy of sections of the bowel at the site of per- 
foration revealed merely a break in the continuity of the 
wall with some necrosis of the wall adjacent to the 
perforattom Ganglion cells were present in normal 
numbers. The pancreas showed no obvious lesion. 
The lungs were congested and oedematous. 


Case 2. This male infant was born at this hospital 
weighing 3 lb. The mother developed puerperal sepsis 
and the mfant at 3 days old was transferred to the 
premature mfant unit, his weight then being 2 Ib. 114 oz. 
Apart from mild icterus, no abnormalities were detected 





FiG. 1.—Radiograph of the abdomen showing a large accumulation 
of air under the diaphragm and in the right scrotal sac. 
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on clinical examination. He was given feeds of un- 
diluted expressed breast milk from the third day. On 
the fifth day of life the jaundice had become more 
intense. The serum bilirubin level was 12 mg./100 ml. 
Meconium was passed on the fourth and sixth days 
of life but no stools were noted on the seventh, eighth 
and ninth days of life. On the ninth day, the infant 
vomited a feed which was not stained with bile. Some 
slight distension of the abdomen was noted. A glycerine 
suppository was prescribed and oral feeding of expressed 
breast milk was continued. Later in the day two brown 
watery stocls were passed and one of them was blood- 
Stained. 

The following day (day 10) the infant continued to 
vomit and developed gross gaseous distension of the 
abdomen. The clinical state of hydration was satis- 
factory. A radiograph of the abdomen revealed the 
presence of a well-marked pneumoperitoneum (Fig. 1). 
Gas was present in the small bowel without evidence 
of fluid levels, and for this reason the site of perforation 
was thought to be in the colon. Feeds were stopped 
and intravenous therapy was started with 0-2% saline 
in 5% invert sugar with the addition of 2:0 g. of potas- 
sium chloride to 1,000 ml. of solution. The child was 
also given 100,000 units of penicillin intramuscularly 
every eight hours and 50 mg. of streptomycin intra- 
muscularly every 12 hours. On the eleventh day the 
child’s abdomen was still markedly distended and there 
was oedema of the scrotum. An ill-defined mass could 
be palpated in the left flank. The infant had also 
developed oral thrush which was treated with 50,000 
units of Nystatin (‘mycostatin’) every eight hours. On 
the tenth day the child passed two small scybala. The 
child’s condition continued to deteriorate and death 
took place on the twelfth day of life. 

At necropsy there was marked meconium peri- 
tonitis. The peritoneal cavity contained 150 ml. of 





Fic. 2.—Colon with large perforation in anterior wall immediately 
distal to splenic flexure. 
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Fic. 3.—Wall of colon adjacent to the perforation showing numerous fungal hyphae. 
(Periodic-acid Schiff x 480.) 
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Fic. 4.—Blood vessel in wall of colon adjacent to the perforation showing invasion by inflammatory cells and fungal hyphae. 
(Haematoxylin and eosin x 150.) 
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j green purulent fuid. Loops of bowel were densely 


_.- adherent to the lateral abdominal wall on the left. 
» A large perforation 0-5 cm. in diameter (Fig. 2) was 
present about 2-5 cm. below the splenic flexure in the 


-anterior wall of the descendin g colon. 


ee . There were still some yellow flecks of inspissated 
< meconiem: around the perforation and floating in the 


| =- peritoneal exudate. Anatomically the bowel was nor- 


mal, and there was no evidence of a volvulus or an 


intussusception. 

-Section of the bowel wall at the site of the perforation 
showed the surrounding mucosa to be necrotic and 
haemorrhagic. There was haemorrhage into the sub- 
mucosa and infiltration of the entire wall by poly- 
morphs. The serosa was acutely inflamed and covered 
by necrotic debris. Fungal hyphae consistent in appear- 
ance with the fungus mucor, or the related rhizopus, 
were present in the lumen of the bowel, in the wall and 
in the serosa (Fig. 3). The fungal filaments were large 
and shewed absence of cross-wall formation with free 
and irregular branching, features suggesting origin from 
the mucoraceae. In many areas the fungi were invading 
the walis of blood vessels and had come to lie within 
their lumens (Fig. 4). Unfortunately cultures of the 
fungus were not made before the tissues were fixed in 
formalin. 

Histology of the pancreas was normal. 


Discussion 


Our first case presented the clinical picture of 
intraperitoneal haemorrhage. Hence a preopera- 
tive diagnosis was made of rupture of the liver, 
which is the commonest solid viscus to be damaged 
in the newborn infant (Stein and Wright, 1953: 
Arden, 1951; Brown, 1957). 

At operation the surprise finding of meconium 
in the peritoneal cavity, in addition to the blood, 
indicated perforation of a hollow viscus. The site 
of perforation was not detected at laparotomy. 
This difficulty of locating the site of perforation 
has been encountered by others, and it happened 
in four of the cases reported by Thelander (1939). 
Standard (1952) in reporting his case, which was 
successfully treated surgically, admits that the 
perforation would not have been visible but for 
the presence of leaking barium suspension which 
he had given te the infant. In a case reported by 
Franklin and Hosford (1952), the perforation was 
only found at the second operation. 

Necropsy in our first case failed to reveal a 
cause for the perforation, but it must be admitted 
that a close study of the blood supply to the affected 
segment of bowel was not carried out. The clinical 
and experimental studies of Louw and Barnard 
(1955) have indicated that vascular occlusion plays 
an important role in the production of intestinal 
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atresia in the newborn infant. Their work may 
have some application in the elucidation of the 
aetiology of spontaneous perforation of the colon. 
We suggest that, in future, a careful study be made 
of the blood supply to the area of a spontaneous 
perforation of the colon. We have assumed that the 
intraperitoneal bleeding in our case arose from the 
same site as the perforation, but this was not obvious 
at autopsy, the bleeding having ceased post- 
operatively. 

Case 2 is of interest in that this premature infant 
was progressing satisfactorily until the ninth day 
of life. The child was starting to regain its post- 
natal weight loss, when it failed to pass stools for 
three successive days. As in Case I there was the 
passage of one blood-stained stool and it is possible 
that this finding in the presence of abdominal 
distension may be of help in the diagnosis of spon- 
taneous perforation of the bowel. 

Three possibilities suggest themselves as to the 
cause of the perforation in Case 2. Firstly this 
perforation could have followed on stercoral ulcera- 
tion caused by inspissated meconium. The passage 
of two small hard pieces of faeces and the finding of 
residual thickened meconium at necropsy are in 
favour of this suggestion. However, we were unable 
to analyse the water content of the meconium as was 
done by Emery (1957). 

Secondly the perforation may be aetiologically 
connected with the finding of mucor (or rhizopus) 
in the bowel wall at the site of perforation. Mucor 
has been found in association with perforation in 
other parts of the gastro-intestinal tract. Moore, 
Anderson and Everett (1949) described a wide- 
spread ulcerative colitis in a non-diabetic female 
aged 37 years caused by mucor which resulted in 
death after perforation and generalized peritonitis. 
Watson (1957) reported perforation of the stomach 
in association with mucormycosis in a child of 
26 months suffering from malnutrition. A similar 
perforation was described by Gatling (1959) in a 
4-day-old neonate. Thus this fungal infection 
may have been the primary cause of the perforation 
in Case 2. It is also possible that the fungus 
aggravated a perforation caused initially by hardened 
meconium. 

Until recently the prognosis of spontaneous 
perforation was thought to be uniformly hopeless. 
However, in 1952, Standard, in America, and 
Franklin and Hosford, in Britain, reported survivals 
following surgical repair. Thus laparotomy is 
probably advisable whenever the condition of the 
patient permits. Preliminary decompression of 
the abdomen may be necessary to increase vital 
capacity (Standard, 1952). 
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Summary 

Two cases of spontaneous perforation of the 
colon are reported, one in a full term and the other 
in a premature infant. There was an associated 
intraperitoneal haemorrhage in Case 1, and in this 
infant no demonstrable cause was found for the 
perforation. 

In the second baby the perforation was found in 
association with inspissated meconium and the 
presence of fungal infection in the bowel wall 
morphologically either mucor or rhizopus. Un- 
fortunately cultures of the organisms were not taken. 


- Our thanks are due to Dr. I. Frack, Superintendent, 
Baragwanath Hospital, for permission to publish these 
cases, Dr. E. Kahn, Senior Paediatrician, for criticism 
and advice, the Director of the South African Institute 
for Medical Research, for facilities granted, and Mr. 
M. Ulrich for the photographs. 
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Two distinct types of idiopathic hypercalcaemia 
of infante have been recognized; a mild or simple 
type, in which recovery is said to be complete, and a 
severe type, which results in death or physical and 
mental retardation (Lightwood and Stapleton, 1953: 
Lowe, Henderson, Park and McGreal, 1954). Al- 
though most cases conform to one or other type, 
it has recently become apparent that the distinction 
iS not a clear one, and that cases with features of 
both types may occur (Russell and Young, 1954; 
Rhaney aad Mitchell, 1956; Josephand Parrott, 1958). 
Moreover, a few of the supposedly mild cases have 
died and autopsy has disclosed nephrocalcinosis, 
affecting mainly the medulla of the kidney (Rhaney 
and Mitchell, 1956). Hence it is of some importance 
to determine whether infants with the simple type who 
recover clinically sustain any permanent renal damage. 

The severe form of idiopathic hypercalcaemia is 
accompanied by considerable dwarfing (Schlesinger, 
Butler and Black, 1956; Fellers and Schwartz, 1958), 
while infants with the simple type show retardation 
of growth during the acute phase of the illness and 
often for some time thereafter (Creery and Neill, 
1954). 1: is therefore of interest to know how long 
this retardation persists after the biochemical dis- 
turbance has been corrected. 
= No full follow-up study has yet been reported 
although Forfar, Balf, Maxwell and Tompsett (1956) 
gave some details of four cases followed for one to 
three years; Creery and Neill (1954) briefly described 
the progress of their patients up to 18 months after 
the illness, and there have been reports on sin gle cases 
(Bonham: Carter, Dent, Fowler and Harper, 1955; 
Smith, Buzzard and Harrison, 1959). With a view 
to obtaining more detailed information about the 
prognosis, the progress of all children with the simple 
type of idiopathic hypercalcaemia seen in Dundee 
during a period of four years has been followed. 





Details of the follow-up study 


From 1953 to 1956 inclusive, 18 infants were 
diagnosed as having the simple type of idiopathic 


hypercalcaemia. The principal clinical features of 
the group have been briefly reviewed elsewhere 
(Mitchell, 1958) and detailed case histories have 
been recorded for eight of the infants: Cases 2, 3, 
4 and 6 by Lowe et al. (1954): Cases 1 and 2 by 
Morgan, Mitchell, Stowers and Thomson (1956); and 
Cases | and 3 by Rhaney and Mitchell ( 1956). In 
Dundee the criterion now accepted for the diagnosis 
of hypercalcaemia in infants is a level of plasma 
calcium above 12-0 mg. per 100 ml. measured on 
two separate occasions, using an oxalate-permanga- 
nate method for the determination of calcium. 
During the four-year period, at least five other 
infants were believed to have idiopathic hyper- 
calcaemia of the simple type (two were included 
in the report by Lowe and his colleagues in 1954 
as Cases 5 and 7), but the above criterion was not 
fulfilled and they are not included in the group. Of 
the 18 infants in whom the diagnosis was regarded 
as established, four died and three of these were 
studied at necropsy (Rhaney and Mitchell, 1956). 
The 14 survivors are the subject of this report. 
Tests of renal function were carried out on all 
children who had shown any evidence of possible 
renal involvement during the original illness, i.e. all 
those whose urine contained leucocytes at any time 
during the illness or who had had a level of blood 
urea over 50 mg. per 100 mi. on any occasion. The 
tests were made at least once between two and five 


years after the onset of symptoms. 


Since the children had endured much investigation 
and treatment in the past, and most were in the 
pre-school age group when clinical investigation is 
most difficult, it was considered desirable to limit 
the study to the minimum required to provide a rea- 
sonable estimate of kidney function. Thus tubular 
function was assessed by the ability to concentrate 
and acidify the urine and glomerular function by 
the clearance of creatinine. Since the determination 
of creatinine clearance by methods which also 
measure non-creatinine chromogen is not satisfac- 
tory (Doxiadis and Goldfinch, 1952: Barnett and 
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Vesterdal, 1953), specific endogenous creatinine was 
measured by Hare’s method (1950) using a Unicam 
SP600 spectrophotometer. Two timed collection 
periods of between one and two hours were used 
and the results were expressed in terms of surface 
area calculated from the Dubois nomogram. Urea 
clearance was also estimated but in most cases the 
rate of urine secretion was not adequate for maxi- 
mum clearance of urea to be determined. 

The children were examined at intervals to assess 
their growth and development and to determine 
how long the biochemical disorder persisted. Al- 
though some of the children had gone abroad or to 
distant parts of the country it was possible to pursue 
these investigations more or less completely in all 
but one ofthe 14. This child (Case 14) was admitted 
to hospital at the age of 4 months with characteristic 
symptoms, a plasma calcium level of 13-5 mg. per 
100 ml., blood urea level of 26 mg. per 100 ml., and 
no abnormality of the urine. He was treated with 
a low-calcium milk preparation and the plasma 
calcium level had returned to normal by the age of 
6 months. At 8 months he weighed 16 lb. 5 oz. 
(7:4 kg.); he was not seen again because his family 
were nomadic tinkers and could not be traced. 


Results 


General progress. Three to six years after the 
onset of idiopathic hypercalcaemia, all 13 children 
were in good health. They were taking a full 
mixed diet except for one who was a vegetarian from 
choice. None was taking cod liver oil or additional 
vitamin D except that in patent cereal foods. Two 
of the mothers stated that their children were still 
slightly constipated, otherwise none of them had 
any complaints. Some of the children had sat up 
and walked at the usual times but most had been 
slightly delayed. Nevertheless, all were sitting up 
without support by 12 months, and all had taken 
the first unaided step by 21 months. 
was not formally tested but ordinary clinical ob- 
servation indicated that all the children except one 
were well up to average mental development for 
their ages. The one exception (Case 1) showed 
slight mental retardation at the age of 54 years. 
However, although there had never been radiological 
abnormalities of her skull, she did have some of the 
facial characteristics described in the severe type of 
idiopathic hypercalcaemia (Joseph and Parrott, 1958), 
namely, a squint, slight epicanthic folds and a 
prominent upper lip, and thus possibly represented 
an intermediate form between simple and severe types. 


Cardiovascular system. Three children who had 
had cardiac murmurs during the acute illness had 
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no detectable cardiac abnormality at the most recent 
examination. Two of the three had originally had 
T wave abnormalities in the electrocardiogram and 
these also had disappeared. In none of the 13 
children was the blood pressure more than 110/80mm. 
Hg at review. 


Biochemical investigations. All the children had 
normal levels of plasma calcium at the last recording 
(range 9-0-11-1 mg. per 100 mi.) Because the 
level of plasma calcium was determined at irregular 
intervals in some of the early cases, it was not always 
possible to be certain exactly when the hyper- 
calcaemia subsided, but the minimum duration 
was assessed as the time interval between the first 
diagnosis of hypercalcaemia and the last occasion 
on which a level of above 12-0 mg. per 100 ml. was 
recorded: the Table shows the minimum duration 
of hypercalcaemia in each case. During the original 
illness, the plasma alkaline phosphatase level was 
known to be less than 10 King-Armstrong units 
in seven of the 13 children: all seven had levels 
above 10 King-Armstrong units at the latest review. 
Raised plasma cholesterol levels (over 280 mg. per 
100 mil.) had been recorded in three of the 13 children 
but in all three the cholesterol level was less than 
230 mg. per 100 ml. at review. 


Renal function. In none of the 13 cases did the 
urine contain protein, sugar or abnormal numbers of 
cells at the time of review. Tests of renal function 
were made on the 10 children who had shown 
evidence of possible renal involvement during the 
original illness and the results are shown ia the Table. 
In the other three children only concentrating and 
acidifying abilities were tested. The ages of the 
children at the time of these tests ranged from 2 
years and 5 months to 5 years and 9 months. All 
the children except one concentrated the urine to a 
specific gravity of 1-025 or more when fluids were 
withheld for 12 hours. The one exception (Case 2) 
concentrated to 1:023; no opportunity arose to 
repeat the test on this child. All the children were 
able to acidify the urine to pH 5-2 or less, measured 
with universal indicator and narrow range indicator 
papers (B.D.H.). In five of the children it was 
necessary to give ammonium chloride by mouth 
in a dose of 0-1 g. per kg. of body weight in order to 
demonstrate this acidifying ability. 

The creatinine clearance was more than 75 ml. 
per min. per 1-73 m.* of surface area in seven of 
the 10 children tested, while in three it was between 
60 and 75. In two of these three (Cases 8 and 12), 
however, the creatinine determinations were done 
in a different laboratory, and total Jaffé chromogens 









were measured instead of specific endogenous 
creatinine. The results would thus be expected to 
be falsely depressed (Roscoe, 1958) and unfortunately 
the tests.could not be repeated in these two children 
using Hare’ s method (1950). However, the maxi- 
mum and standard clearances in Case 12, and the 
~i standard urea clearance in Case 8, were ‘all more 
- than 100° of average normal, and it is likely that 
-» the true creatinine clearance was considerably 
- higher. One child (Case 4) with a clearance of 
specific endogenous creatinine of 65-5 ml. per min. 
per 1-73 m.* was aged 34 years at the time of the test. 
There areno satisfactory standards of normal for 
children of this age, and the clearance value, though 
low, cannet be regarded as necessarily abnormal, 
especially as a simultaneous urea clearance test 
indicated a standard clearance of 117° of average 
normal. 

The standard urea cerand was over 100% of 
average normal in nine of the 10 children; in three 
(Cases 2, 11 and 12) the maximum clearance of urea 
was alsc determined, each value being above 100° 
of average normal. The only child with a low 
standard urea clearance (58° of average normal) 
was the one suspected of having a form of idiopathic 
hypercalcaemia intermediate between the simple and 
severe types, but since the other tests were satis- 
factory (see Table), this rather low value is of 
dubious significance. 








Growth progress. The heights and weights of 

the 13 children were measured at intervals through- 

= out the follow-up period, and these, together with 
‘measurements made during the illness and any 
-recorded by the mother before admission to hospital, 
have eu pegs on height and weight charts (Figs. 
l and 2 The standards used for these charts are 
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derived from the Oxford Child Health Survey 
(Acheson, Kemp and Parfit, 1955) and standard 
deviations (S.D.} from the mean values are shown 
because only these were published. The —2 and 
— I S.D. lines correspond to about the 2-25th and 
16th percentiles respectively, and the ~-1 and -+2 
S.D. lines to about the 84th and 97- 75th percentiles, 
the error due to the asymmetry of the distribution 
curve for weight being quite small (Polani, 1959). 
When weighed, the children were naked or wearing 
underpants, and height was measured in the standing 
position (in children over 18 months of age). 

Nearly every weight chart shows clearly the 
deviation of the weight curve during the first two 
years of life caused by the hypercalcaemic episode 
and the subsequent return to the original channel. 
The data on heights are fewer in number and no 
clear effect on height is demonstrated. In no case 
is either the height curve or the weight curve still 
pursuing a course outside the —2 S.D. line. In 
two cases the height curves are between the —2 and 
~~1 S.D. lines, and in one other case the weight 
curve is between the —2 and —1 S.D. lines. 


Discussion 


The tests of renal function did not reveal any 
significant abnormality in this group of children 
two to five years after the onset of idiopathic hyper- 
calcaemia. Thus, the ability to concentrate and 
acidify the urine satisfactorily showed that tubular 
function was unimpaired. The inulin clearance test, 
which is generally regarded as a valid measure of 
glomerular filtration rate, is not easily applicable 
to young children, and so the clearance of specific 
endogenous creatinine was used when possible as 
an indication of glomerular function. This would 


TABLE 
SUMMARY OF BIOCHEMICAL FINDINGS AND RENAL FUNCTION TESTS IN 14 CASES OF IDIOPATHIC HYPERCALCAEMIA 


3 


i $ 1 
f i ; 
H 


| Maximum | 


Tests si Renal Funcion 


Minimum Maximum i Minimum Time in | 
Level of Duration Level of Duration © Years Creatinine — | 
; -Calcium of Hyper- Urea in of - Between = Clearance | Minimum | | Maximum 

Case - in Plasma | . talcaemia Blood Uraemia _ Onset | (mi./min./ Hof |? S.G. of 
No. Sex ime. MNOGmi. ) (>> 12-0 me./100 ml.) “ome 1100m. ) ba > 50 mg./ 100 ml. ) and Tests | {1-73 m.*) Urine | Urine 
| | F o leg | 3 months © 35 7 months 5 103-9 <5-0 | 1-028 
E ae 14-@ 28 months | 38 2 weeks 4 115-5 <3-0 | 1-023 
3 F: 13-9 3 months : 76 4 weeks 3h 78:9 <50 | 4030 
4 IF: 13-0 2 weeks ; 48 nil 3 65-5 5-2 | 1-028 
5 E, 15-1 1 week | 46 nil 23 99-9 <50 | 1-030 
6 EF: 16-1 4 weeks 60 2 weeks 24 98-2 5-0 | 1-026 
7? F?! 19-0 2 weeks i 63 2 weeks 2% 77-3 <5:0 | 1-025 
8&8 Fo 16-0 3 weeks 60 ; 1 week 2 64-6 5-0 | 1-027 
9 TE: 134 2 weeks i 29 nil 34 me <50 © 1-039 
IO Fo i33 l week 37 : nil 34 = 52 > 1-025 
HOM. 13-6 3 months 40 nil 5 103-9 <5-0 4-02 
2 M 13-3 8 months 72 8 months 4} 62-3 5-0 — 1-025 
13 O OM: 14-¢ 4 weeks 50 nil 5 a <§-0 i 41-025 
4 M: 13-8 2 weeks SO nil oe a == ~ 


i = i : i : i i 
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Fic, 2. —Height charts of 13 children ce had idiopathic 
hypercalcaemia in infancy. Cases Ito 10 are giris ang Cases 
B: to I3 are boys. 





“calcification (Thomas, Connor and Morgan, 
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‘be > valid in children with disease affecting the renal 

, ‘Mattar. Barnett, McNamara and Lauson, 

but the evidence indicated that all these 
hildrer: had normal tubular function, and the 
reatinine clearance was therefore accepted as an 
pproximate measure of glomerular filtration. The 
alues obtained are somewhat lower than those 
recorded by Ikkos and Ström (1955) for older 
~~ children, but all fall within a fairly small range and 
-arẹ considered to indicate satisfactory glomerular 


a - function. 


-It is well established that persistent hypercalcaemia 
can cause renal damage, calculus formation and 
1959) 
and it is therefore remarkable that one child (Case 2), 
who was: known to have had hypercalcaemia for at 
least 28 months. should have apparently completely 
normal renal function at the age of 44 years. In 
the earliest. patients, who were treated by withdrawal 
of vitamin D alone, the hypercalcaemia was allowed 
to persist much longer than in the later ones, in whom 
active measures were taken to reduce the level of 
plasma calcium. Low calcium diets alone were not 
always suecessful in reducing the level promptly but 
a rapid fall usually followed the administration of 
cortisone, and this action was sometimes used to 
maintair the plasma. calcium at a lower level until 
the reduction in aun intake could become 

effective. 

The way in which c cortisone acts is not understood, 
although its beneficial effect in idiopathic hyper- 
caleaemia.of infants may in part be due to reduced 

` absorption of calcium from the intestine (Anderson, 
O Dent, Harper and Philpot, 1954; Morgan et al., 

- 1956). in an attempt to throw further light on the 
mode of action of cortisone, the level of plasma 
calcium: was measured in four untreated hyper- 
calcaemic infants before, and at short intervals 
after, a single oral dose of cortisone (Fig. 3). The 











rate of fall in the plasma calcium level indicates that 


some mechanism more rapid than the intestinal 
action must be operating initially. This cannot be 
a renal tubular effect, since there was no increase in 
calcium in the urine during these tests. It has been 
postulated by Cruickshank and Kodicek (1958) 
that cortisone acts by influencing the metabolism of 
skeletal tissues and there is indirect evidence that 
cortisone can inhibit the resorption of bone (Thomas 
and Morgan, 1958; Morgan, 1959). 

The charts fer height and weight indicate satis- 
factory growth progress during the years immediately 
following clinical recovery from the simple type of 
idiopathic hypercalcaemia. There is no apparent 
association between the rate of return to the expected 
growth channel and the duration or degree of either 
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Plasma Calcium in mg. per IOO mi. 





20 24 48 72 


“4 O 4 B 2 66 


Time in Hours 


Fig. 3.-—The effect of cortisone on the plasma calcium level in four 
cases of idiopathic hypercalcaemia, (The arrow indicates 25 me. 
cortisone acetate given orally.) 


the hypercalcaemia or the elevation of blood urea. 
Thus the child who was known to have had hyper- 
caleaemia for at least 28 months (Case 2) was above 
average in height. Her weight curve did pursue a 
course below the mean level, but this was probably 
not attributable to the prolonged metabolic dis- 
turbance, since height as well as weight has usually 
been affected by persistent elevation of plasma 
calcium in cases of the severe type of idiopathic 
hypercalcaemia, as it was also in the patient de- 
scribed by Smith er al. (1959), who seems to have had 
the simple type of idiopathic hypercalcaemia. 

This investigation provides evidence in support 
of the opinions of earlier workers that recovery 
from the simple type of idiopathic hypercalcaemia 
is usually complete. Nevertheless, the possibility 
of unexpected death in the acute stage (Rhaney and 
Mitchell, 1956), the recognition of cases inter-. 
mediate between simple and severe forms of idio- 
pathic hypercalcaemia, and the prolonged course 
occasionally followed by apparently simple cases 
(Smith et al., 1959), should make one hesitate to 
give an unreservedly good prognosis for the indivi- 
dual child. 


Summary 


Thirteen cases of the simple type of idiopathic 
hypercalcaemia of infants have been followed up 
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for three to six years after the onset of the 
illness. 

All the children are in good health and all except 
one are mentally normal, the one exception having 
certain features suggesting a syndrome intermediate 
between the simple and severe types. 

In all cases the abnormal biochemical findings 
originally present have disappeared. Simple tests 
of renal function performed two to five years after 
the onset did not indicate any residual impairment 
of renal function. 

Although the hypercalcaemic episode caused a 
marked deviation of the weight curve in nearly 
every child, the height and weight charts indicate 
that subsequent progress has been satisfactory. 


I wish to thank Professor J L. Henderson and Dr. 
James Thomson for permission to include their cases in 
this study and for their kindly criticism. I am very 
grateful to Dr. F. L. Mitchell and Dr. H. G. Morgan for 
the biochemical investigations and for helpful advice. 
I also thank Miss M. W. Mackenzie for the illustrations. 
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PNEUMOMEDIASTINUM AND SUBCUTANEOUS 


EMPHYSEMA IN STATUS ASTHMATICUS, 
REQUIRING SURGICAL DECOMPRESSION 


BY 


BRIAN McNICHOLL 
From the Regional Hospital, Galway 


(RECEIVED FOR PUBLICATION NOVEMBER 10, 1959) 


Leakage of air into the interstitial tissues of the 
lungs of sufficient degree to produce pneumo- 
_ mediastinum and subcutaneous emphysema is an 
uncommon and potentially fatal complication of 
bronchial asthma in childhood. Another possibly 
fatal camplication of similar causation is tension 
pneumothorax. It is possible that interstitial 
emphysema occurs more frequently in severe asthma 
and allied states than our usual methods of diagnosis 
allow us to discover, producing additional inter- 
ference with ventilation by distending and splinting 
the area of lung involved. This case report and 
discussio of some relevant literature may serve 
to illustrate some of these points. 





Case Report 


A boy, 8 years of age, had had periodic attacks of 
< asthma for four years, some precipitated by hay making 
_ and others by dusting of rooms. He had been admitted 
to this hospital in November, 1956, on the third day of 
a severe atiack in which there was blood staining of the 
Sputum; tae attack responded to intravenous amino- 
phylline amd oral ephedrine hydrochloride. Skin tests 
with Bencards reagents showed marked sensitivity to 
mixed peliens, house dust, horse hair and cat fur. 
Between. January and March, 1957, hyposensitization 
with a mixed vaccine was attempted, one brief asthmatic 
_ attack cecarring during the course. A paternal uncle 
and a geard-uncle were asthmatic. 

The present attack had commenced some 20 hours 
before his admission on April 14, 1957: he had been 
_ given approximately 12 subcutaneous injections of 
adrenalin By his family doctor and a final injection of 
0-5 ml. in divided doses by the physician in a district 
hospital; some ephedrine had been given orally. He 
had to be brought from an island off the west coast 
by boat aad then 60 miles by road to this hospital. 
On admiss:on there was marked expiratory and inspira- 
tory dyspnoea, with inspiratory lower costal retraction: 
the respiratory rate was 55/min., the cardiac rate 160 
and the temperature 100° F. There appeared to be 
- acute-on-cEronic pulmonary emphysema and the cardiac 





dullness was obliterated. The blood pressure was 
140/90 mm. Hg, the weight 49 lb. Small amounts of 
blood-stained sputum were expectorated with difficulty 
and cough was forcible and distressing. Aminophylline 
0-125 g. was given intravenously on two occasions with 
temporary relief; 500,000 units of intramuscular peni- 
cillin and 4 gr. of phenobarbitone were given, and 
repeated at 12 hour and six hour intervals respectively. 

Four hours after admission subcutaneous emphysema 
was observed above the clavicles, quickly spreading to 
the neck, cheeks and axillae; the blood pressure was 
then 150/90 mm. Hg. Three hours later the respiratory 
distress became more marked and was accompanied by 
cyanosis despite an efficient oxygen tent. The chest 
was almost fixed in the maximal inspiratory position, 
the neck and upper thoracic veins were engorged, the 
pulse volume was diminished and showed paradoxical 
respiratory variation. 

Cortisone acetate 100 mg. was given intramuscularly. 
Pneumomediastinum was suspected and confirmed by 
portable radiographs (Figs. 1 and 2). As the boy's 
condition was critical, horizontal incisions of about 
14 in. were made under local anaesthesia above each 
clavicle, about eight and a half hours after admission. 
Exploration with sinus forceps through the incisions 
allowed release of air under pressure with marked relief 
of the distress and of the venous distension. The pulse 
volume improved and the boy rested comfortably. 
Gradual resolution of the asthmatic attack followed, the 
subcutaneous emphysema taking some days to disappear: 
several exacerbations of the asthma occurred before his 
discharge nine weeks later. The boy has since been 
admitted with two severe attacks without recurrence of 
any observable pulmonary air leak. 


Discussion 


Peterson (1947) states that mediastinal emphysema 
was first described by Müller in 1888, while Matts 
(1957) states that Laennec (1827) described it under 
the name of ‘interlobular emphysema’. 

Macklin and Macklin (1944) discuss the subject of 
non-surgical interstitial emphysema of the lungs 
and mediastinum exhaustively, and they maintain 
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Fic. 1.—Portable antero-posterior film of chest showing distension 

of lungs, some infiltration of both upper lobes, mainly right, a trans- 

lucent ring of air surrounding the aortic knuckle amd air bubbles in 
left axilla. 


that the basic requirement for alveolar rupture and 
leakage of air into the interstitial tissues of the lung 
is a pressure gradient from the alveoli to the peri- 
vascular sheaths. The pressure gradient may arise 
from over-inflation of the lung or lowering of 
vascular pressure; an example of the former, would 
‘be compensatory over-inflation of the lung surround- 
ing an area of atelectasis, and of the latter, would 
be pulmonary embolism. In the majority of 
instances of interstitial emphysema there is also an 
increase in the alveolar pressure. Over-inflation 
of lung may be localized, as in the lung adjoining 
an atelectatic area or in lung distal to a ball valve 
bronchial obstruction. Generalized over-inflation 
appears to cause most cases of am leak, the 
most common examples being severe expiratory 
dyspnoea as in bronchial asthma, forceful coughing, 
severe straining as in lifting of heavy weights or 
during labour, other examples being forceful 
resuscitation of the newborn infant or anaesthetized 
patient. Other examples of interstitial emphysema 
in which various factors operate and may combine 
are neonatal atelectasis, obstructive laryngitis, 
tracheotomy, pertussis, bronchial foreign bodies, 
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Fic. 2.—Portable lateral film of chest showing large volume of air 

trapped between heart and sternum, outlining what is probably the 

thymus. The contrast between the small (presumably compressed) 
heart and the distended thorax is striking. 


severe exercise, lung blast and caisson disease. 
Pulmonary infection appears to be a factor in many 
cases, presumably by weakening the alveolar ‘wall, 
and combined with forceful cough is probably 
the cause of interstitial emphysema in influenza 
and measles. 

Once air has leaked from the alveolus, if the 
pressure gradient is maintained, as by persistent 
dyspnoea and/or coughing, the air usually tracks 
centrally along the vascular sheaths to the lung root 
and mediastinum, as Macklin and Macklin (1944) 
have shown both by experiment and in autopsy 
material; it may also track peripherally to the sub- 
pleural space. The interstitial emphysema may 
both distend the lung, reducing its mobility and thus 
interfering with ventilation, and interfere with the 
pulmonary circulation by compressing blood vessels. 
When air reaches the mediastinum in large quantities, 
and does not readily find egress, a tension pneumo- 
mediastinum is produced, which impedes venous 
filling of the heart and thus further restricts the 
pulmonary, as well as the systemic, circulation; 
marked venous distension of the neck, head and 
trunk will occur. Electrocardiographic changes 
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t ave been reported (Master, Kalter and Dack, 1941). 
© these effects will, in many cases, be added inter- 






later by pulmonary 





oy tke mediastinum air may escape into one 
“or both pleural cavities, into the tissues of the neck 
sand thence to the head and trunk, or into the 
retroperitoneal space from which it may rupture 
into the peritoneum: escape of air by one or other 
of these reutes usually acts as a safety valve, pre- 
venting cardiac tamponade, although the other 
hazard of tension pneumothorax may be produced. 
Macklin and Macklin (1 944) believe that varying 
degrees of interstitial emphysema may frequently 
occur in such conditions as severe asthma and may 
play a significant part in the dyspnoea; although 
agreeing with other authors that such leakage of air is 
‘usually benign, due either to its limited extent or to 
the operation of the ‘safety valve’, they emphasize 
its potentially fatal nature. 

Normarr (1957) in describing a boy of 21 months 
who had a pneumothorax and subcutaneous em- 
physema eomplicating bronchial asthma on two 
occasions, ‘ound 30 published cases of subcutaneous 
emphysema in asthma. Two were fatal, and in two 
others incsion of the skin in the neck to allow 
escape of air was necessary. Macklin and Macklin 
(1944) cite-reports of other fatal cases of asthma 
where death was attributable to pneumomed iastinum, 
pneumothorax, or both, in the absence of sub- 
cutaneous emphysema. 


Recognition and Management. Macklin and 
Macklin (1944) maintain that the presence of sub- 
cutaneous emphysema in the neck presupposes a 
pneumomediastinum, which should also be suspected 
in severe asthma without subcutaneous emphysema 
if there i marked venous distension of the 
neck, head and upper thorax, or other evidence of 
cardiac tamponade such as paradoxical pulse with 
falling bloed pressure. In patients old enough to 
complain, there may be substernal pain of anginal 
nature, abdominal pain, or a feeling of fullness in 
the upper chest and neck. Obliteration of cardiac 
dullness, beiging and tympany of the upper sternum 
are signs of pneumomediastinum but will be more 
-commoniy due to acute generalized pulmonary 
alveolar emphysema. Systolic crunching or crack- 
ling sounds, best heard with the patient in the left 
lateral position (Hamman, 1937) are said to be 
diagnostic of air in the mediastinum. Lateral 
‘radiograph. of the chest is the most valuable pro- 
cedure, the-presence of air between the cardiac and 
‘sternal shadows being diagnostic: air may also be 
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seen surrounding the heart in postero-anterior views. 
Increasing cyanosis and signs of reduced cardiac 
output, with weakening peripheral circulation will 
call for urgent decompression of the trapped air in 
the mediastinum. If air is confined to the media- 
Stinum, needling and under water drainage are 
indicated. When subcutaneous emphysema is 
present, incision of the skin in the suprasternal 
notch is usually adequate, exploration with sinus 
forceps or gloved finger being continued until 
sufficient air has been released. Schrire and Schrire 
(1952) described a 6 in. horizontal incision in the 
suprasternal notch, vertical incision of the platysma, 
elevation of the thyroid and insertion of a finger 
down either side of the trachea to facilitate escape 
of air, but this procedure should hardly be necessary 
in most cases. Bilateral incisions, as in the present 
case, would not seem to be necessary. Following 
decompression, the wound should be left open and 
covered with loose gauze, broad spectrum antibiotic 
cover being provided. 


Summary 


Pneumomediastinum and subcutaneous emphy- 
sema complicating severe asthma in an 8-year-old 
boy are described; release of air by means of 
incisions of the skin in the neck was necessary due 
to signs of cardiac tamponade. 

Some of the relevant literature is reviewed, 
including an acceptable theory of production of 
emphysema of interstitial pulmonary tissues, media- 
stinum and subcutis. 

Recognition and management of pneumomedia- 
stinum are briefly discussed. 


I wish to thank Mr. D. Kneafsey for reading and 
criticizing this paper and for his help with later inter- 
pretation of the radiographs; also Dr. John Horan for 
his case notes and help with management of the patient. 
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Addendum 

A 4-year-old giri was admitted in March, 1960, 
in the third day of an attack of bronchopneumonia, 
with subcutaneous emphysema in the neck of six 
hours’ duration. Within a few hours the emphysema 
had spread to the cheeks, left temple and left lower 
eyelid, both axillae, and had formed a tense V-shaped 
swelling over the upper chest with its apex at the 
sternal angle. There was a forceful dry cough with 
some expiratory difficulty, wheezing and grunting, 
suggesting predominant involvement of the bron- 
chioles. Pneumomediastinum was shown by many 
crunching and bubbling sounds with respiration 
over the whole sternal area and by very well marked 
praecordial systolic ‘crunching’ sounds; the pneumo- 
mediastinum was confirmed by radiography. The 
child was not very distressed at any stage and there 
was no overfilling of neck veins, but there was 
thought to be some diminution of pulse volume 
during inspiration. An interesting finding was 
regular lowering of the amplitude of the ventricular 
complexes in the E.C.G. during inspiration, this 
being most marked in leads V} and V,R, without 
any other abnormal finding. The cardiac rate 
averaged 150 per minute for the first few hours, 
and no fall in blood pressure occurred. It is 


ARCHIVES OF DISEASE IN CHILDHOOD 


presumed that the E.C. G. findings were due to 
compression of heart or great vessels, as they had 
become less marked some days later, and had gone 
two weeks later. 

It was not necessary to decompress the emphysema 
and this had almost completely disappeared five 
days later. The respiratory infection responded 
satisfactorily, intramuscular penicillin being given 
for eight days. Radiographs showed some pul- 
monary distension and. slight infiltration consistent 
with a diffuse bronchopneumonia, in addition to 
air bubbles in soft tissue and mediastinum. 

A further interesting feature in connexien with 
this case is that her brother was admitted to the 
Fever a of this hospital in November, 
1954, when aged 5 years (under the care of Dr. 
B. J. O'Driscoll) with subcutaneous and mediastinal 
emphysema complicating measles bronchopneu- 
monia, the condition subsiding uneventfully with 
penicillin treatment. The occurrence in siblings of 
pulmonary air leakage complicating respiratory 
infections might be due to a common developmental 
anomaly of the lungs predisposing towards air 





leakage with certain types of respiratory 
involvement. It might equally well be co- 
incidental. 
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(RECEIVED FOR PUBLICATION OCTOBER 19, 1959) 


Since the first description by Harlan (1881) of a 
patient with bilateral congenital facial palsy and 
< external rectus palsy, several excellent reviews of the 
_ Möbius’ syndrome have been published, in which 
= various theories regarding the aetiology of the 
condition. have been discussed. 

_ Mobius (1892) believed that the mixture of 
_ Cranial nerve lesions was due to a toxic or degenera- 

-tive process. Heubner (1900) described the patho- 
logical findings in one case, in which the ganglion 
cells were absent from the motor nuclei of certain 
cranial nerves, with poor development of the for- 
matio reticularis, olives and pyramidal tracts. 
Rainy and Fowler (1903) considered the primary 
pathology to be in the muscles, with secondary 
degenerative changes in the nuclei. 

The bizarre cembinations of cranial nerve lesions, 
and the associated somatic anomalies have intrigued 
later writers. Henderson (1939) reviewed the 
condition, describing the typical findings. Paralysis 
may “be complete or incomplete, unilateral or 
bilateral and mest commonly involves the muscles 
of the face especially in the upper half. External 
-rectus palsy is common, while the muscles supplied 
by the third, fifth and twelfth cranial nerves are 
occasionally affected. Club foot occurs in one 
third of the cases, and defect of the pectoralis major 
muscle with mammary hypoplasia is a common 
“associated anomaly. Poor general muscle develop- 
ment may also occur. Deformities of one hand or 
arm and of the ears and nose, absence of the 
lacrymal caruncles and glands, micrognathos, a high 
arched palate, vasomotor disturbances and mental 
defect have all been recorded. This writer discussed 
the analogy of the Bonnevie-Ullrich syndrome as one 
mechanism- to aecount for the widespread somatic 
defects, but could not associate this with agenesis 
of cranial nuclei. Evans (1955) pointed out that 
all the major defects are of structures which are 
differentiated at the end of the second month of 
intra-uterine life. and considered that the primary 
pathology avas probably in muscle. Sprofkin and 


Hillman (1956) discussed the similarity to Werdnig 
Hoffman and Oppenheimer’s disease. 

Two cases of Möbius’ syndrome are presented in _ 
this paper. Biochemical investigations were carried 
out to see if any light could be thrown on the 
aetiology of the condition. 


Case Reports 

Case 1. R.W., a boy, was born at home to a healthy 
multigravida. The labour was normal and at term (he 
weighed 6 Ib.), but as he failed to breathe normally he was 
transferred to the Sorrento Premature Baby Unit for 
resuscitation, 

On admission he had infrequent gasping respirations, 
a poor colour, poor muscle tone and excessive pharyngeal 
mucus. An intracranial birth injury seemed the most 
likely diagnosis; his appearance was odd even at this 
stage with marked scaphocephaly, micrognathos, low set 
ears, an absent left nipple and bilateral talipes equino- 
varus. His expressionless face was thought to be part 
of the generalized hypotonia. 

The baby survived, unexpectedly, and sub-dural taps 
and a lumbar puncture did not support the original 
diagnosis. He could not suck and feeding remained a 
formidable task throughout his Hfe. It gradually 
became obvious that he had bilateral facial palsy, 
bilateral external rectus palsy and probably weakness of 
some of the external ocular muscles supplied by the third 
cranial nerve. The intrinsic ocular muscles and the 
superior oblique muscles were unaffected. The mas- 
seters, the pterygoid muscles and the palatal muscles 
were all weak and later developed contractures. His 
general muscle development was poor, and he developed 
a marked thoracic kyphoscoliosis. The left pectoralis 
major was absent. There were marked epicanthic 
folds and he did not secrete tears. There was a complete 
absence of facial expression and a severe dysarthria, so 
that a gurgle of laughter was indistinguishable from a cry 
of rage, apart from his change of colour. He did not 
learn to sit or stand or to speak, but this seemed to be due | 
to muscle weakness rather than to mental defect. 

He made slow progress until the age of 18 months 
(see Fig.), but the contracture of the masseters in- 
creased the feeding difficulties and led to frequent 
aspiration pneumonia. He died at the age of 22 months 
from a respiratory infection. 
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Fic.—R.W., Case 1, aged 18 months. 


The serum electrolytes, calcium and phosphorus, urea 
and proteins were normal on several occasions. The 
urinary amino acid chromatogram was normal. Radio- 
graphs of the skeleton showed no defect apart from 
mandibular hypoplasia. 

At the age of 1 year the urinary creatine was 59 mg./ 
100 ml. (approximately 34 mg./kg./day), and the urinary 
creatinine 38 mg./100 ml. (approximately 22 mg./kg./ 
day), creatine : creatinine ratio, 1-55. 

A post mortem examination showed death to be due 
to acute bronchitis. There was generalized hypoplasia 
of the muscles. There was no macroscopic abnormality 
of the central nervous system, and preliminary examina- 
tion of celloidin blocks of various areas of brain, stained 
by the Nissl method, showed no anatomical abnormality. 

This child had a paternal uncle who died at the age of 
2 years and apparently ‘he looked just like R: W7. 


Case 2. S.M., a boy, was born at St. Helier Hos- 
pital to a healthy multigravida at full term and weighed 
74 lb. There was hydramnios, but the delivery was 
straightforward. The baby was limp and respirations 
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were not established until 25 minutes after birth. An 
intracranial birth injury was suspected and he was nursed 
in oxygen for the first 12 days of life. He developed 
sclerema neonatorum. He required tube feeding for 
the first six weeks of life, but then sucked well and has 
been breast fed since. 

The lack of facial expression and generalized hypo- 
tonia, noticed at birth, persisted and, when at the age of 
4 months he developed a left talipes equino-varus, the 
diagnosis of Möbius’ syndrome seemed established. 
There is now bilateral facial paralysis with some sparing 
of the orbicularis oris. The cry is strangely monotonous 
but the remaining muscles supplied by the cranial nerves 
do not appear to be affected. The muscles of the neck, 
trunk and legs are poorly developed, but his arm move- 
ments are normal for his present age of 6 months. 
He has a high arched palate, slight micrognathos and 
low set ears. The equinus deformity has been kept 
under control with Denis Browne splints, but the forefoot 
varus persists and as the tendons on the anterior aspect 
of the left ankle cannot be felt, the tibialis anterior muscle 
is probably absent. 

Full biochemical investigations have not been under- 
taken. At 5 months of age the urinary creatine was 
9-1 mg./kg./day and the creatinine 6:2 mg./kg./day, 
creatine : creatinine ratio, 1-48. 


Discussion 


Creatinine is normally produced in the body 
from creatine by enzymic action during muscular 
activity. This mechanism is more efficient in adult 
men than in women and children, in whom a degree 
of creatinuria is normal. However, the excretion 
of creatine should not exceed 30-40% that of 
creatinine. In normal infants the excretion of 
creatine is 0-7 mg./kg./day, and of creatinine is 
11-14 mg./kg./day (Nitowsky, Gordon and Tyson 
Tildon, 1956). Creatinuria is found in myasthenia 
gravis, and in the muscular dystrophies in which 
levels of 8-11 mg./kg./day have been recorded 
(Wilkins, 1957). 

The high levels of creatinuria found in the two 
infants recorded, seem to indicate some abnor- 
mality of muscle metabolism. The very high level 
in Case 1 may demonstrate the severity of the 
affection. 

The clinical similarity of the Möbius’ syndrome 
to amyotonia congenita has been noted, and this 
biochemical abnormality lends support to the 
opinion that the syndrome is a myopathy rather 
than a neurological defect. The absence of the 
pectoralis major and the nipple on one side and the 
micrognathos in Case 1, the high arched palate 
in Case 2, and the many associated somatic defects 
described in the syndrome show that this is not 
solely an enzyme abnormality. 


Although all the structures affected in this 
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ir äs view of the aetiology of the syndrome: 


Summary 


a Two cases of Möbius’ syndrome are described. 
~The finding of marked creatinuria in both infants 
“si aat the muscle weakness is due to a myo- 
pathy rather than to nuclear agenesis. A single 
; nuitation might produce an enzyme defect 
al second month ‘organizers’. 
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Henley and the staffs of the biochemical laboratories of 
the Little Bromwich General Hospital and St. Helier 
Hospital for their help with the biochemical investiga- 
tions, and Dr. J. Hoult of Dudley Road Hospital, who 
performed the post mortem examination in Case Í. 
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PROSTATIC ABSCESS IN THE NEWBORN 
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(RECEIVED FOR PUBLICATION OCTOBER 26, 1959) 


During the past 14 months we have been able to 
confirm the occurrence of pyogenic infection of the 
prostate gland in three neonates admitted to one 
surgical unit of this hospital. As one case ter- 
minated fatally before we had appreciated the 
existence of such a clinical entity, it is desirable 
that it should be brought to the notice of others 
who may be confronted with a similar problem. 

There is a current belief that the prostate has little 
clinical importance during infancy, and references 
are few. Bodian (1957) described two fatal cases 
of urinary retention due to fibroelastosis. Pros- 
tatic infection in older children has been reviewed 
extensively by Campbell (1937), and Winsbury- 
White (1949) showed such a possibility in a 
9-year-old boy in whom the passage of a urethral 
catheter produced a purulent urethral discharge, 
but the diagnosis was not supported by any other 
confirmatory findings and there was no evidence of 
the periprostatic haematoma formation recently 
reported by Williams and Martins (1960). The 
following instances were in newborn babies. 


Case Histories 
Case 1. A male child delivered at full term, weighing 
6} Ib., was admitted with retention and dribbling in- 
continence. Catheterization was followed by an issue 
of almost pure pus under pressure, and, from this, 
penicillin insensitive Svaph. aureus was subsequently 
isolated. 

Pyuria persisted for a few days but micturition soon 
assumed the characteristic infant pattern, the napkins 
being wet intermittently, and not continuously as before. 
Radiographic investigation after an interval revealed 
no evidence of obstructive uropathy. 


Case 2. A male child weighing 9 Ib. 11 oz. was 
discharged froma maternity hospital following a caesarian 
birth, but subsequently re-admitted as the mother had 
noticed increasing dysuria, continuously damp napkins, 
and dribbling incontinence. He was 14 days old when 
he was admitted to this hospital with diarrhoea, bladder 
distension, and complete retention of urine. There was 
some thick pus in the urethra, and as no urine could be 

withdrawn by catheter, the bladder was drained by 


inserting a wide bore needle supra-pubically. Very 
gross pyuria was noted, and penicillin resistant Srapit. 
aureus was subsequently grown from the specimen. 
This procedure gave considerable relief, and it seemed 
probable that the abscess had undergone spontaneous 
rupture into the bladder, but micturition did not improve, 
and lacked the characteristic decisiveness of infancy. 
Attempts to catheterize were unsuccessful as the instru- 
ment was held up in the posterior urethra, and urethro- 
graphy showed a constant reduction in calibre in this 
area, which the radiologist reported as consistent with 
congenital stricture (see Figs. | and 2.) 

This was divided by open operation, and for the past 
year the infant has remained well with unimpaired 
micturition. Pyelograms show the upper renal tracts 
to be within normal limits. 


Case 3. A male infant, aged 3 weeks, who had been 
fretful from birth, was admitted to Dr. Hutchison’s wards, 
and later transferred to. the surgical side on account of 
increasing abdominal distension. 

There was slight oedema of the lower abdominal wall, 
and a rather diffuse mass was palpated anteriorly on 
rectal examination, but the nature of this was not 
appreciated and a provisional diagnosis of neonatal 
Hirschsprung’s disease was made. A distended bladder 
was emptied by catheter on the operating table, but 
unfortunately no significance was attached to this, as 
it is a fairly common preoperative requirement. Laparo- 
tomy revealed distension of large bowel and terminal 
ileum and transverse colostomy was performed. On 
the following day the infant died of septicaemia and an 
extract of the post mortem findings is as follows: 

‘The lower half of the small intestine and the whole of 
the large intestine show marked gaseous distension. 

‘The lungs show patchy areas of consolidation and 
haemorrhage. 

‘Both kidney pelves are moderately congested, but are 
not dilated, and the ureters are normal in appearance. 
The bladder is markedly distended. There is obvious 
congestion of the serosa and on opening the bladder 
very purulent looking urine is seen to fill the cavity. 
Similar purulent urine can be expressed from the urethra 
on compressing the bladder. At the base of the bladder 
a large abscess cavity measuring approximately 3 cm. 
by 6 cm. surrounds the urethra and spreads upwards 
behind the bladder and between it and the rectum (Fig. 3). 
The abscess appears to have arisen in the prostate. 
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FIG. 3. 





Fic. 1. 


Fic. 1.—Case 2, urethrogram of prostatic abscess. 

FiG. 2.—Case 2, urethrogram of residual prostatic abscess. 

Fic. 3.—Case 3, abscess cavity (A) between urethra and rectum (R). 

Fic. 4.—Urethrogram of child’s prostate to show distension by 
back pressure from obstruction in distal urethra. 





FIG. 2. Fic. 4. 
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‘In the colon, ganglion cells are present in normal 
numbers.’ 

HistoLtocy. ‘The abscess is chronic in type and 
beyond the pyogenic membrane there is a narrow rim 
of prostatic tissue, with pus cells in some of the adjacent 
glands. There is some diffuse infiltration of the bladder 
wall with inflammatory cells. The kidneys show early 
pyelonephritis.’ 

BACTERIOLOGY. A swab from the prostatic abscess 
and a piece of lung grew penicillin resistant Staph. 
aureus and lactose fermenting coliforms in each instance, 
the former being sensitive to chloromycetin and fura- 
dantin and resistant to achromycin. 


Discussion 

Three factors may be considered to have some 
bearing on the development of acute neonatal 
prostatitis. Firstly there is the infection, to which 
all the newborn are at risk. It is stated by White 
and Dennison (1958) that in neonatal osteitis the 
staphylococcus has been found resistant to penicillin 
in over 80% of cases admitted to the Royal Hospital 
for Sick Children, Glasgow, and Dennison (1959) 
has observed the incidence of penicillin resistance 
to be highest in hospital-born babies. The three 
cases described here were all born in maternity 
units and penicillin resistant staphylococcus was 
responsible in each. | 

The remaining factors may be considered to play 
a role in determining the location of the abscess. 
At birth there is the squamous metaplasia of the 
epithelium of the utricle, prostatic urethra and 
prostatic glands which undergoes regression during 
the first week of life (Smith, 1945). The third 
factor, that of obstruction to the urinary outflow, 
was well shown in Case 2. Potter (1952) has em- 
phasized that congenital malformation with stasis 
predisposes to acute infection of the urinary system, 
and the effect of blockage distal to the prostate is 
demonstrated in the accompanying photograph 
(Fig. 4) where we have been able to show a dilated 
but otherwise normal infant prostate resulting from 
back pressure. 


Diagnosis. There should be little difficulty in 
diagnosis once the condition becomes established 
as a clinical entity. After catheterization of a 
distended bladder in any male infant, one should 
not omit rectal examination. A cystic swelling 
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may be felt below and in continuity with 
the bladder. Where rupture of the abscess 
occurs spontaneously, or after the use of a 
catheter, nothing further may be required, but 
urethrography should be performed, and this will 
show the residual abscess and indicate the site of 
Stricture, if present. Pyogenic infection of the 
infant prostate may not be the rarity the literature 
would suggest, for spontaneous rupture irto the 
bladder, followed by temporary pyuria, and in 
many cases by complete remission, is a possibility 
that could be overlooked. Peri-urethral abscess, 
secondary to infection of urethral glands has been 
observed in infants by White (1959) and may have 
originated in this manner. 


Treatment. This is essentially surgical. The 
perineal approach to the tough distended capsule 
of the prostate requires special experience of paedi- 
atric urology and drainage of the infected bladder 
by perineal urethrostomy may be advisable, and 
Should be continued, where necessary, until co- 
existing urethral stricture has been dealt with. 





Summary 


Three cases of acute staphylococcal prostatitis 
Causing urinary obstruction in neonates are des- 
cribed. Clinical, radiograph and post mortem 
findings are described. 

Possible causative factors are discussed and 
treatment indicated. 


My thanks are due to Mr. Wallace Dennison who has 
helped me, throughout, with all cases, to Dr. Philip 
Rawson for radiographs and to Dr. Alistair M. 
MacDonald for photographs and post mortem report. 
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ILIAC VEIN OBSTRUCTION 
DUE TO A RETROPERITONEAL ABSCESS 


BY 
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School of Medicine, Cleveland, Ohio 


(RECEIVED FOR PUBLICATION OCTOBER 20, 1959) 


_ The occurrence of iliac vein obstruction due to a 
retroperitoneal abscess in infants is a rare pheno- 
menon. This presentation of a case may be of 
value in the diagnosis of other cases. 


Case Report 


L.M., a newborn white female infant, was admitted 
on February 8, 1959, to Cleveland Metropolitan General 
Hospital as a premature home delivery. Her birth 
weight was 1,840 g. (4 Ib.), and expected date of delivery 
was Mareh 18, 1959. The mother did not have antenatal 
care. On the second day in hospital the baby was noted 
to be jaundiced. The mother’s blood was group A Rh 
positive and the baby was group O Rh positive. On 
the fourth day in hospital the maximum bilirubin level 
was 19 mge.%. The baby did not feed well. There 
was no evidence of septicaemia as indicated by a negative 
urinalysis and normal spinal fluid. On the tenth day 
a femora! venipuncture was done for blood cultures and 
serum chemistries. The side from which the blood was 
drawn was: not recorded. The blood cultures were 
negative and all the serum chemistry was within the 
- normal range. 

At the age of 25 days, swelling of the right thigh and 
foot was neted. The leg was oedematous and showed 
some discolouration. Some areas over the thigh were 
fluctuant but no localizing abscess was present. Inguinal 
~ nodes were not palpable. The measurements above the 
Knees were: right 14 cm., left 12 cm. The W.B.C. 
~ was 26,850/c.mm., {neutrophils 70%). An infection was 
suspected. ‘Radiograph of the hips revealed no evidence 
of osteomyelitis of the hip or any intra-articular fluid. 
The fluctuant area was aspirated but no free fluid was 
obtained. Material from the needle was cultured and 
blood cultures were also drawn. The blood cultures 
were negative but the aspirate grew haemolytic Staphylo- 
coccus aureas coagulase positive: resistant to penicillin; 
sensitive tc erythromycin, streptomycin, kanamycin, 
furadantin, neomycin, chloramphenicol. Nose culture 
grew Staphylococcus albus. Chloramphenicol treatment 
was started. 

On the 26th day in hospital circumferences of the thighs 
were: right (4-5 cm.; left 12 cm.: W.B.C. 18,500 c.mm. 
{neutrophils 54%}. The right leg seemed to become 
Wore oedematous and on the 30th day measured 15 cm.: 


left 12 cm.: W.B.C. 25,500 c.mm. (neutrophils 8304). 
The diagnosis of thrombophlebitis was entertained at 
this point. The infant was continued on chlorampheni- 
col and clinically there was no change in the condition 
of the leg. She held the right leg abducted and exter- 
nally rotated and resented having the leg moved. No 
abdominal masses were palpable. Rectal examination 
was normal. A low grade fever with temperatures of 
37° C. to 38° C. now appeared. 

On the 32nd day an intravenous pyelogram was done, 
but no pathological process was noticed. A cystogram 
on the 33rd day showed no evidence of displacement or 
filling defect of the bladder. Phlebograms were not 
done. A mass was now palpable in the right lower 
quadrant deep in the pelvis extending to Poupart’s 
ligament. Rectal examination revealed a bogginess in 
the area of the right iliopsoas muscle. The diagnosis of 
retroperitoneal abscess with iliac vein obstruction which 
had been previously entertained was now confirmed. 

On the 34th day a retroperitoneal dissection was done 
with counterincision of the right thigh and 20 ml. of 
greenish yellow pus was removed. Gram stain revealed 
gram positive cocci and culture grew haemolytic Sraphylo- 
coccus aureus coagulase positive; resistant to penicillin, 
streptomycin, erythromycin, chloramphenicol: sensitive 
to neomycin, kanamycin, furadantin. Pus was obtained 
in the operative field by pressure on the thigh and a guide 
introduced behind the psoas fascia anteriorly extended 
to the upper and medial aspect of the right thigh. 60 ml. 
of blood was given to the infant. On the second post- 
operative day measurements of the thighs were: right 
12-75 cm., left 11 cm. 

The chloramphenicol was discontinued on the 46th 
day. The infant now weighed 2,660 g. (5 Ib. 14 02Z.). 
She was discharged at the age of 2 months, completely 
well and when seen at the out-patient clinic two weeks 
later the leg was normal in size compared to the left 
and the wound had healed. At the age of 6 months the 
leg and hip were normal. Radiograph of the hip showed 
no dislocation or destruction of the head of the femur. 


Discussion 
The diagnosis of iliac vein obstruction due to a 
retroperitoneal abscess should be considered when 
an infant presents with an oedematous leg and dis- 
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tended veins. In 1957 Grunwaldt and Tomsovic 
reported two cases in male infants secondary to 
circumcision, and since then no further reports have 
appeared in the literature. In the differential 
diagnosis, thrombophlebitis, hip disease or, if 
it follows a femoral vein puncture, an infected 
haematoma must also be considered. The diagnosis 
of a retroperitoneal abscess can be made by the 
palpation of a mass in the lower abdomen and on 
rectal examination. Special investigations such as 
intravenous pyelography, cystograms and phlebo- 
grams may be confirmatory. 

Once the diagnosis has been made surgical 
drainage is the only method of treatment. The 
aetiological organism can then be determined and 
appropriate antibiotic therapy instituted. It was 
distressing to note that the organisms isolated from 
this case were Staphylococcus aureus coagulase 
positive, and that they were resistant to erythro- 
mycin and chloramphenicol, the drugs most fre- 
quently used for staphylococcal infections. 

The pathogenesis of this infection presents many 
problems for consideration. In this report we 
must consider the site of femoral vein puncture as 
the route of introduction of the infection. 

Grunwaldt and Tomsovic (1957) report two cases 
of iliac vein obstruction in male infants both aged 
3 weeks. They conclude that the primary site of 
infection was the circumcision site. Inguinal nodes 
were palpable in their cases. This suggests that the 
retroperitoneal infection in those cases was possibly 
related to skin infection, most likely the penis. 

Gross (1953) reports that in some cases of iliac 
adenitis the portal of entry of the infection may be 
found on the leg or around the arms, but the initial 
lesion is often healed by the time the patient presents 
with abdominal complaints or limp. in most cases 
the infection skips the femoral and inguinal glands 
and lodges solely in the tliac group. The age range 
of the 20 cases reported varies from 1 to 11 years. 
Sex incidence is not discussed. 

Reference is made in the literature to obstructive 
anomalies of the iliac veins with growth shortening 
of the ipsilateral leg (Peck, 1957). The obstruction 
can be either an acquired or developmental disease 
represented by adhesions in the retroaortic portion 
of the vein, or pathology due to congenital valves 
or septa. 

Ross (1954) mentions a case of osteomyelitis of 
the hip with complete destruction of the head and 
neck of femur following a femoral venipuncture in 
a premature infant, but concludes that the infection 
of the hip resulted from a haematogenous spread 
from a distant focus rather than from a venipuncture 
in the region of the hip. 
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Howard (1957) reports five cases of sepsis in 
normal and premature infants with localization in 
the hip joint, but does not relate this to femoral 
venipuncture. He concludes that in one case the 
probable portal of entry of the infection was from 
an injection of vitamin K.. Three of his five cases 
had received vitamin K and other subcutaneous 
injections. 

Neuhof and Arnheim (1944) quote two cases of 
infected haematomas as a source of infection with 
formation of iliac retroperitoneal abscess. 

Bosch, Kengeter and Beling (1950) discuss femoral 
venipuncture in 100 adult patients. They list the 
possible complications, namely, injury to femoral 
vein, penetration of a viscus in the presence of 
unrecognized femoral hernia, haematoma, abscess 
or cellulitis, penetration of psoas abscess, local 
ecchymosis, thrombophlebitis, phlebothrombosis or 
arteriovenous fistula. 

Sieber and Ferguson (1959) review some of the 
surgical and orthopaedic aspects of infections in 
newly-born and young infants. From 1940 to 1957 
31 cases, who had had bacterial infections of bones 
and joints, were found. Nine of these 31 infants 
had septic hips. They mention femoral vein 
puncture as an aetiological factor in the localization 
of infection in the hip joint of four infants. 

This report differs from any of the previous cases 
described in that this occurred in a female infant, 
no intramuscular or subcutaneous injections were 
given, and the only probable portal of entry of the 
infection was the femoral venipuncture. 

The jaundice was considered as physiological in 
a premature infant. In this case there was no 
evidence of any septicaemia as indicated by the 
negative blood cultures on the 10th and 25th 
hospital days. A haematoma at the site of veni- 
puncture or a thrombophlebitis may possibly have 
been a predisposing factor in the development of 
this infection. It is virtually impossible to prove 
that the femoral venipuncture resulted in this 
retroperitoneal abscess, but it would seem that this 
is the most likely portal of entry of the infection. 

When one asks other paediatricians if they have 
ever encountered any complication of femoral veni- 
puncture, they may recall some cases of hip 
infection or osteomyelitis of the femur, but they 
cannot prove that this was a complication of femora. 
venipuncture. 

In this hospital femoral vein punctures are regard- 
ed as hazardous procedures. In the first few day: 
of life the umbilical vein can easily be entered anc 
many paediatricians feel that adequate blooc 
samples can be obtained by this route. It has beet 
disturbing to note the number of positive bloot 
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Summary 


This report is of a case of retroperitoneal abscess 
A th iliac. vein obstruction in a premature white 
female infant aged 25 days. The diagnosis was 
- made. on palpation of a mass in the right lower 
-quadrant and rectal examination revealing some 
<- bogginess on the right side. It is most likely that 


y ‘the portal of entry was from the site of a femoral 


-o vein puncture, 

The possible hazards of femoral venipuncture are 
: “discussed. Reference is also made to the validity 
a of blood cultures obtained via the umbilical vein. 
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A review of some of the cases of hip joint 
pathology in premature infants does not relate the 
infection to venipuncture, but more likely to sub- 
cutaneous and intramuscular injections. 


For permission to report this case it is a pleasure to 
record my thanks to Dr.. F. C. Robbins, Director of 
Pediatrics, and Dr. F. A. Simeone, Director of Surgery. 
I wish to thank Dr. E. A. ‘Mortimer, Jr., for his helpful 
criticism and advice. 
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Until recently the determination of the sex of an 
individual was mainly based upon the gonadal 
structure, and the sexual individuality identified with 
this finding. Accordingly a person having testes 
was a man and one having ovaries a woman. In 
the hermaphrodites certain anomalies inside the 
genital tract were considered more or less. as ana- 
tomical variations from the normal without more 
profound changes in the sexual structure of the 
organism. 

Clinical investigations into the various problems 
of hermaphroditism have, however, changed this 
picture completely and have shown how much more 
complicated these things are and how many different 
factors are working together to build up the har- 
monious sexual individuality of a human being. 
Today, in cases where the sex of the child is dubious, 
thorough investigations must be performed before 
any determinations as to the sex are made or any 
treatment can be instituted: The investigations 
should determine five different aspects of the 
organisms: (1) the genetic sex, (2) the gonadal sex, 
(3) the somatic sex—including the external and 
internal genitalia and the secondary sexual character, 
(4) the hormonal status, and (5) the psychic structure, 
including the rearing and gender role of the patient. 
Only then can a satisfactory decision be made. 

The present paper is intended as a short introduc- 
tion to some of the clinical aspects of herma- 
phroditism based on a personally known group of 

human hermaphrodites, _ 


Investigation 
In the years 1948-1959, 31 cases of hermaphrodites 


ta, were investigated at the University Clinic of 


Paediatrics in Copenhagen. Fourteen of these were 
found to be female and 17 male pseudoherma- 
phrodites. -There were no true hermaphrodites, 
Le. patients -with both ovarian and testicular tissue 
inside the same organism. 
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radiography (Fig. 2). 


Female Pseudohermaphrodites. 


TABLE 1 
bial amis PSEUDOHERMAFHRODITES 





Adrenigenitat: syndrome as i T 
_ Origin. uano shia a od if ote 1 





All but one of the patients in the group of female 
hermaphrodites suffered from the adrenogenital 
syndrome. Nuclear sexing (Barr, 1955) showed 
female chromatin pattern. The clinical examination 
displayed more or less virilized external genitalia 
with a large phallus and some fusion of the labio- 
scrotal folds (Fig. 1). A vagina and a uterus could 
be demonstrated either by inspection, endoscopy or 
In three doubtful cases 
laparotomy was performed. The anatomy of the 
internal genital tract turned out to be of three 
different types. In the most common type—li 
cases—the vagina and the uterus opened into the 
posterior urethra. In one case the vagina had a 
normal opening into the perineum and in another 
it was completely closed off from the urinary tract. 

High 17-ketosteroid excretion in the urine gave 
the exact diagnosis with minimum 5 mg./24 hours 
in the newborn and maximum 12 mg./24 hours 
when the children reached the age of 1 year or more. 

A high familial incidence in the group of adreno- 
genital syndrome was found in our investigation 
with three pairs of siblings, one pair being twin girls, 
the other two a boy and a girl. The two boys 
were also suffering from the adrenogenital syndrome 
but, not being pseudohermaphrodites, they are 
excluded from this group of female pseadcherma- 
phrodites. | 

The last patient in the group did not suffer from 
the adrenogenital syndrome, the 1!7-ketosteroid 
excretion being 0-5 mg./24 hours. Nuclear sexing 
showed chromatin positive pattern indicating that 
genetically the child was female. The external 
genitalia were rather virilized (Fig. 3). Endoscopy 
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_ showed a vagina and a uterus. Gonads were not 
< palpable. Laparotomy was unfortunately not per- 
< formed, but would have been necessary in order to 
eliminate the possibility of true hermaphroditism. 
<: The history of the mother’s pregnancy revealed no 
< androgen treatment of any sort, as is sometimes the 
ease in these patients (Wilkins, 1957). No reason 
¿for the virilism of this child could be demonstrated. 








i | M ale Pseudohermaphrodites. 


TABLE 2 
‘MALE PSEUDOHERMAPHRODITES 





Female appearance oe +. rs e ‘ | 7 


Maie gppearance S a Se ne val 10 





In the first group of male pseudohermaphrodites 
all seven patients were members of two families 
with ‘testicular feminizing syndrome’, with three 
in one family and four in the other. In six of the 
cases muclear sexing was performed showing 
chromatin negative pattern. Gonadal biopsy show- 
_ed testicular tissue as it is seen in cryptorchism. 
The external appearance, especially the external 
genitalia, were completely feminine (Figs. 4 and 5). 
A smal]! yagina and no uterus was all that was found 
of internal genitalia. 

The oidest of these patients, a 17-year-old ‘girl’, 
showed typical feminine development at puberty 
(Fig. 6) with normal breast development but with 
amenorrhoea as must be the case in a person 
lacking a uterus, and with the characteristic pheno- 
menon seen in these patients, namely, lack of 
pubic hair. 

The 10 patients belonging to the group male 
pseudohermaphrodites of male appearance were 
found to be a very heterogeneous group, being 
genetically, males with chromatin negative pattern, 
having testes proved by biopsy but with ambiguous 
external genitalia and persistent Miillerian ducts of 
various sorts. Figs. 7 and 8 show such a patient, 
a boy with vulvular hypospadias and with both 
vagina and uterus. 

In four cases a sudden strong virilism at puberty 
was the first sign which aroused the doubt about 
whether a correct decision of sex had been made at 
birth. The genitalia until then were of such a 
feminine ‘character that neither midwife, family 
physician nor parents had had any suspicion of 
dealing with a hermaphrodite. Figs. 9-13 show 
one of these children, who had been followed up 
in our department from the age of 3 until the age of 
14 years, . The final examination was delayed 
because of disease in the family. Investigation at 
| puberty (Figs. 12 and 13) proved the patient gene- 
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tically to be a boy. The gonads were testes with 
no Ovarian tissue and the hormonal status displayed 
an explosive hyperactive puberty with very high 
estrogens (>200 <400 Mouse/U./24 hours) and 
androgens (42°). 

Finally the psychological investigation revealed 
both male and female elements in spite of the patient 
having been reared as a girl since birth. 

Figs. 14-16 demonstrate the three other patients with 
female legal sex from birth, but with strong virilism 
near puberty. These difficult cases raise the impor- 
tant question of adequate approach to treatment, 
i.e. whether to change the sex, or remove the gonads. 
The problem will be discussed later in this paper. 


Discussion 

It is now possible, as a result of these detailed 
examinations of patients with ambiguous genitalia, 
to classify most hermaphrodites and to assemble 
them in different clinical groups. 

The study of the chromatin pattern is an easy 
procedure: a buccal smear is enough for examination 
and, together with an analysis of the hormones 
in the urine, should always be undertaken, when 
doubt arises about the sex. Chromosomal counting, 
on the other hand, is still a rather complicated 
technique which only a few can master at present 
but in those cases where it can be done, the results 
are of great scientific and clinical value. _ 

Gonadal biopsy as well as explorative laparotomy 
should be performed in almost all cases of pseudo- 
hermaphroditism except those with the adreno- 
genital syndrome, when other examinations have 
failed to give a clear answer. With the present 
state of paediatric surgery these procedures can 
safely be done in infancy. The increasing number 
of true hermaphrodites described in the literature 
demonstrates the importance of these explorations, 
especially with regard to gonadal biopsy, which 
should include incision throughout the whole 
length of each gonad found in the individual 
(Innes Williams, 1958). 

The high familial incidence found in male and 
female hermaphrodites is well known (Morris, 1953: 
Holmer, quoted by Everse, 1958) and is illustrated in 
this material. In one of our two families with the 
testicular feminizing syndrome, where the parents 
were first cousins, no less than four out of eight. 
children suffered from this syndrome (Fig. 17). The 
other four children were normal. In a branch of the 
same family another type of male pseudo- 
hermaphroditism was found (see Fig. 16). 

Clinically two problems are met with in these 
patients: (1) Determination of sex at birth: (2) Deci- 
sion regarding later medical and surgical treatment 


Fic, 1. 


FIG. 








> 





FiG. 1.—Adrenogenital syn- 
drome. 


Fic. 2.—Same patient, hystero- 
salpingography. 


Fic. 3.—Girl with normal 
17-ketosteroid excretion and 
virilized genitalia. 
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Fics. + and 5,—Testicular feminizing syndrome. Appearance, 
including genitalia, completely feminine. 


FG. &€— 17-year-old patient suffering from the testicular feminizing 
syndrome. Feminine breast development but no pubic hair, 
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7 and 8.—Boy with vulvular hypospadia. 
FIG. 8 


FIGS. 
reveals both vagina and uterus. 





Fic. 10 


Fics, 9 ; 
.9 and 10,— > > 
.—Male pseudohermaphrodite of feminin 
appearance, i 
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Fic, 11. 


Fics. 11, 12 and 13.—Male pseudohermaphrodite of feminine 
appearance until puberty where strong virilism sets in (same 
patient as in Figs. 9 and 10.) 





SA 
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Fic, 15 Fic. 16 





Figs. 14, 15 and 16.—All patients with female legal sex at bir 
Ya but with strong virilism at puberty. 


Fic. 17.—Familial incidence of pseudohermaphroditism. 


Fic, 17. 
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when signs of abnormal development appear in 
later childaood. 

Regarding sex determination, in many cases the 
decision regarding the sex of the patient can be 
based on ‘he findings of the genetic, gonadal and 
somatic sex. On the other hand the general opinion 
seems to favour following the anatomy of the 
external genitalia. If these are mainly female, the 
child should be registered as a girl (Fig. 18) in spite 
of being genetically a boy and having testes. Such 
a patient is easier to adapt to the female role than 
to the mae. But the decision must be made at 
birth or in the first months of life. 





a boy with testes. 


Regarding a decision on medical and surgical 
treatment im infancy and later childhood this will 
vary considerably from case to case and must depend 
on what kird of hermaphrodite it is and upon the 
age of the patient when seen. 


Adrenogenital Syndrome. Seen at birth the right 
sex can be chosen in accordance with nuclear 
sexing and hormonal status. When cortisone 
treatment (Wilkins, 1957) is started and continued 
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throughout life these girls will develop into normal 
women, will menstruate and can give birth to 
children. 

Sooner or later corrective surgical procedures, 
comprising phallectomy and closure of the abnormal 
opening of the vagina into the urethra with vulvulo- 
plasty, should be undertaken. Jones and Scott, 
(1958) recommend the age of | year as being the 
best age for these procedures. 

In the present material six phallectomies were 
done, the age of the children varying from 1 to 5 
years. In one case it was done already in early 
infancy on account of emigration. 

The question of the necessity of phallectomy with 
its possible injuring sequelae has been discussed a 
great deal. It is, however, the majority opinion that, 
as long as the phallus does not diminish in size 
during cortisone treatment, the operation should 
be undertaken at least in those cases where the 
phallus is of considerable size. According to 
Money, Hampson and Hampson (1955) this pro- 
cedure does not interfere with the normal mature 
sexual life. 

Adrenogenital syndrome in older female children 
reared as boys but suddenly found to be girls brings 
up the question of changing the sex. This is a 
difficult problem, and the general opinion seems to 
be crystallizing to the view that, after the age of 
l year, change of sex in this condition as in most 
other types of hermaphroditism is psychologically 
hazardous and should not be undertaken 
(Money et al., 1955). 

In the present investigation only one patient, less 
than 3 years of age, was changed from a boy to a 
girl and cortisone treatment instituted. This 
happened five years ago, but overwhelming psychic 
conflicts are still to be found both in the child and 
the parents. 

In our opinion, patients with the adrenogenital 
syndrome, being girls from a genetic and gonad 
standpoint, but reared as boys, should be left as 
males, have the hypospadias corrected and the 
Ovaries removed. They then feel and act like men 
and their gender role will clearly be male when they 
mature. 

A patient in the present material demonstrates 
what can happen to the clinical picture years after 
puberty, if the gonads have not been removed: 


L.C. was reared as a girl until 1935 at the age of 9 years 
the sex was changed on account of virilization with 
simultaneous surgical correction of the hypospadias. 
At the age of 30 years, when the patient was living a 
well adjusted life as a married man, there was a sudden 
development of breasts, which were removed. A year 
later the patient menstruated heavily from the hidden 
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vagina and uterus. Laparotomy was performed, a 
fibroma in the uterus was found and hysterectomy was 
carried out. 


Male Pseudohermaphrodites with Female PENN | 


ance. This group includes patients with the testi- 
cular feminizing syndrome.. 

In childhood they are. ‘occasionally. danwel 
during herniotomies, when a gonad is found and 
turns out to be a testis. In each of our two families 
one patient was primarily discovered this way, 
giving rise to a thorough examination of the others. 

In these very female individuals, in whom it is 
known that their gender role will be that of a woman 


in spite of having testes and genetically being males 


the question. arises whether the gonads should be 
removed or not. 

This may be difficult. toa answer. Left in the groin, 
as some propose (Wilk ; 1957) they grow, become 
large and give an unple t feeling. If removed, 
puberty does not develop. Placed within the 
abdomen there will be a 10% risk for malignant 
degeneration (Morris, 1953). Jones and Scott 
(1958) advise that the gonads should be left un- 
touched until the early twenties and then removed. 

In most of our cases the gonads have been left or, 
during herniotomy, replaced in the abdomen and 
in only two cases. have they been removed. The 
rest of our patients have not yet reached the age of 
20 and the decision whether to remove the gonads 
or not has, accordingly, not been made yet. 

















Male Pseudohermaphrodites with Male Appear- 
ance. In this group the real problems are met at 
puberty when sudden. virilization appears in children 
reared as girls. No simple answer can be given to 
the question how best to handle these patients, and 
many individual factors will affect the final decision. 
In most cases it is probably advisable to remove the 
gonads and make corrective plastic procedures 
and thus let them remain female individuals. This 
has been the case in three of our four patients 
at the ages of 13-14 and 15 years. 

On the other hand the possibility of changing 
a girl to a boy at the age of more thar | year cannot 
be ruled out. In one of our cases the child, who 
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was reared as a girl but genetically was a boy with 
testes, virilized at the age of 13 and insisted upon 
being changed into a boy (Fig. 15).. This demand 
was met, but unfortunately the patient left the 
country so that no follow-up has been possible. 


Conclusion 

Patients with ambiguous genitalia at birth must 
immediately be carefully examined befere the legal 
sex is decided, and in most cases beth gonadal 
biopsy and explorative laparotomy wilf be a neces- 
sary part of the examination with. the exception 
of patients suffering from the adrenogeni ital syn- 
drome. The choice of sex depends mere than 
anything else on the structure of the external 
genitalia. 

Seen later in childhood, ‘eons speaki ng after 
1 year of age, all the same examinations must be 
performed, but from this time it is advisable to leave 
the patient with the legal sex given at birth. Accor- 
dingly, corrective surgical procedures should be 
undertaken including excision of contradictory sex 
structures and in some cases removal of the gonads. 
The change of sex in later childhocd will only 
rarely present a satisfactory solution of the problem. 


Summary 


The modern concepts of hermaphroditism are 
discussed based upon 31 cases of pseudoherma- 
phroditism of which 14 were female and 17 male 
pseudohermaphrodites. The diagnosis and treat- 
ment in each group of patients are discussed. 
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-O The Amgual Meeting of the British Paediatric 
- Associatior was held at the Royal Hotel, Scar- 
: borough. from May 4-to 7, 1960. 

Busness PROCEEDINGS. Dr. Reginald Lightwood 
-took tbe Chair as President, and the following 
members were present: 





A, G. x. Aldridge, E. C. Allibone, H. Angelman, 
I. M. “Anderson, J. Apley, Cecile Asher, R. Astley, 
M. We Arthurton, Margaret Baber, A. D. Barlow, 
R. E Eonham Carter, J. A. Black, A. C. Blandy, 

C M. Bodian, J. V. Braithwaite, T. A. Brand, P. T. 
Bray, G. Brewis, F. S. W. Brimblecombe, R. W. 
Breckfeld, D. Browne, N. R. Butler, W. H. Cant, 
I. A. 3. Cathie, N. S. Clark, E. C. R. Couper, J. O. 
Craig, J. Craig, W. S. Craig, Mildred Creak, 
J. Crecks, K. W. Cross, G. Davison, C. E. Dent, 
E. F. Dott, D. M. Douglas, A. C. Doyne-Bell, 
Margaret Eastwood, J. L. Emery, J. W. Farquhar, 
H. V.E. Finlay, O. D. Fisher, J. O. Forfar, Isabella 
Forsta, A. White-Franklin, D. M. T. Gairdner, 
W. Gaisford, B. Gans, J. M. Garvie, R. R. 
Gordon, I. H. Gossett, E. W. Hart, C. C. Harvey, 
J. D. day, W. Henderson, J. B. Heycock, D. V. 


Hubsic, A. Holzel, R. S. Illingworth, R. J. Isaac, 


N. M. -acoby, Ursula James, R. T. Jenkins, H. Jolly, 
H. Sverley Jones, F. F. Kane, A. C. Kendall, 
C. W. Kesson, A. C. Kirby, B. M. Laurance, 
D. N Lawson, R. C. Lightwood, J. Lorber, R. A. 
McCzance, Anne McCandless, P. MacArthur, J. C. 
Macaway, A. M. MacDonald, Agnes R. MacGregor, 
M. MacGregor, Helen M. M. Mackay, T. Mann, 
W.L Matheson, R. M. Mayon-White, R. A. Miller, 
R.G. Mitchell, D. Morris, F. W. Nash, A. V. Neale, 
G. Nelgan, C. Newman, T. C. Noble, A. P. Norman, 
J. N.œ©'Reilly, A. P. M. Page, W. W. Payne, M. G. 
Philooa, J. D. Pickup, L. J. Prosser, R. J. Pugh, 
P. P. Rickham, E. G. G. Roberts, T. S. Rodgers, 
K. E. Rogers, J. Rubie, J. Sakula, B. E. Schlesinger, 
L. G. Scott, R. A. Shanks, W. Sheldon, Victoria 
Smaiipeice, W. C. Smallwood, J. M. Smellie, 
J. Forest Smith, R. E. Smith, A. L. Speirs, J. M. 
Stansfield, T. Stapleton, R. E. Steen, D. G. H. 
Store, W. P. Sweetnam, P. N. Swift, James Thomson, 
John Thomson, M. L. Thomson, R. McL. Todd, 
C. W. Vining, D. G. Vulliamy, W. Walker, D. H. 
Wal; ace, H. R. E. Wallis, C. Warren, A. G. Watkins, 

.. Waterston, $. D. V. Weller, I. G. Wickes, 
. Wiz lesworth, D. A. J, Williamson, B. 
Wilsor, O. H. Wolff, T. Wright, Winifred Young, 
O S., Yuckin, R. B. Zachary. 
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BRITISH PAEDIATRIC ASSOCIATION 


Proceedings of the Thirty-first Annual General Meeting 


Professor J. Lind, Stockholm (Windermere 
Lecturer) and Mr. G. J. Piller were the guests of the 
Association, 

The following were present as guests of members 
of the Association: 


A. W. Abramson, E. Back (Jamaica), J. P. Bound, 
E. T. Bowen (U.S.A), J, E. Bowman (U.S.A), 
T. Bird, R. J. K. Brown, M. F. G. Buchanan, 
E. A. J, Byrne, I. J. Carré, R. A. Chenoweth 
(Australia), Vernon Collins (Australia), J. G., 
Dathan, D. Danks (Australia), W. Dickson, 
Margaret Egan, C. G. Fagg, C. Y. Feldman, C. M. B. 
Field, H. J. W. Fisher, M. S; Fraser, J. G. H. Frew, 
Li Frisell (Sweden), H. McC. Giles, R. Godfrey 
(Australia), E. Goldblatt. (South Africa), R. A. 
Goodell (U.S.A.), J. L. Greaves, Mary Hallowell, 
O. K. Harlem (Norway), L: A. Hawkins, G. Helder- 
weirt (Belgium), G. Hesling, D. Hilson, C. Hooft 
(Belgium), K. S. Holt, T. T. S. Ingram, A. D. M. 
Jackson, R. H. Jackson, S. Keidan, K. R. Llewellin, 
June Lloyd, J. Luder, S. J.R. Macoun, R.I. Mackay, 
Muriel McLean, B. McNicholl, M. Brenda Morris, 
P. D. Moss, J. S. Oldham, M. Pacht (israel), K. R. 
Parker (U.S.A.), B. W. Powell, R. Prosser, J. P. 
Quinton, J. P. R. Rees, T. J. Rendle-Short, L D. 
Riley, A. P. Roberts, T. R. Savage, T. Morton 
Stewart, Dorothy Taylor, D. C. Thursby-Pelham, 
J. 3. Tillie, W. M. L. Turner, H. Vertruyen Er 
O. C. Ward, B. W. Webb, R. G. Welch, R. H. R. 
White, B. Wolman, R. J. Young. 


The Annual General Meeting v was held on May 5, 
1960. 

The Minutes of the last meeting, which had been 
published in the Archives of Disease in Childhood. 
were received and, subject to a minor correction, 
approved. 


ELECTION OF OFFICERS. 
elected: 


PRESIDENT: Professor A. V. Neale 

PRESIDENT-ELECT: Professor A. A. Moncrieff 

HONORARY TREASURER: Professor A. G. | 
Watkins | 

HONORARY SECRETARY: Dr, E. W. Hart 


The following were 


EXECUTIVE COMMITTEE, 1960-63: 
Dr. W. A. B. Campbell, Dr. W. Henderson, 
Dr. G. M. Komrower, Mr. R. B. Zachary. 


SB 
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ELECTION OF MEMBERS. 
elected: 


The folowing were 


HONORARY MEMBER 
Dr. C. T. Potter 


ORDINARY MEMBERS 


A W. Abramson (Ayrshire), Enid 1. M. Adden- 
brooke (North Gloucestershire), D. W. Beynon 
(Bournemouth), J. P. Bound (Blackpool), R. J. K. 
Brown (London), M. F. G. Buchanan (Leeds), 
J. H. Burkinshaw (London), E. A. J. Byrne (Lancas- 
ter), I. J. Carré (Belfast), H. M. T. Coles (London), 
D. G. Cottom (Londen), A. A. Cunningham 
(Kingston, Surrey), J. G. Dathan (Stoke-on-Trent), 
W. Dickson (Bolton), Margaret Egan (Manchester), 
C, G. Fagg (Luton), G. V. Feldman (Manchester), 
C. M. B. Field (Belfast), H. J. W. Fisher (Hereford), 
R. M. Forrester (Wigan). M. S. Fraser (Aberdeen), 
Muriel J. L. Frazer (Belfast), J. G. H. Frew (Bir- 
mingham), A. A. H. Gailey (Belfast), H. McC. Giles 
(Birmingham), J. L. Greaves (Tees-side), A. G. 
Hesling (Preston), D. Hilson (Ashton), E. Hinden 
(London), K. S. Holt (Sheffield), T. T. S. Ingram 
(Edinburgh), A. D. M. Jackson (London), R: H. 
Jackson (Newcastle-upon-Tyne), S. E. Keidan 
(Liverpool), K. R, Liewellin (Clatterbridge), J. ma 
(Watford), S. J. R. Macoun (Guildford), R 
Mackay (Salford), B. McNicholl (Galway), are 
M. McLean (Clwyd and Deeside), Zina E. Moncrieff 
(London), M. Brenda Morris (Barrow), P. D. Moss 
(Blackburn), F. W. Nash (Merthyr), J. S. Oldham 
(Birmingham), B. W. Powell (Peterborough), 
J. F. P. Quinton (Norwich), J. P. R. Rees (Dublin), 
T. J. Rendle-Short (Sheffield), I. D. Riley (Glasgow), 
A. P. Roberts (Dewsbury), T. R. Savage (Romford), 
D. C. Thursby-Pelham (Stoke-on-Treat), J. J. Tillie 
(Tees-side), W. M. L. Turner (Burnley), O. C. Ward 
(Dublin), B. W. Webb (Taunton), R. G. Welch 
(Hartlepool), B. Wolman (Bury), R. J. Young 
(Londonderry). 

The Treasurer's report and statement of accounts 
for the year 1959-60 were received and adopted and 
the auditors were re-appointed for the coming year. 

The report of the Executive Committee was 
received and is printed below. 

The recommendation of the Executive Committee 
‘That the title of the Executive Committee should 
be changed to the Council of the British Paediatric 
Association’ was approved. 

The recommendation of the Executive Committee 
that Rule 2 should be altered to ‘It shall consist 
of Ordinary Members, Honorary Members and 
Corresponding Members. Ordinary Members shall 
be actively engaged in the practice or teaching of 
paediatrics or in paediatric research. In addition 
individuals who have contributed to the advance- 
-ment of paediatrics in the allied specialties may be 
nominated for Ordinary Membership, but election 
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of these shall be on a restricted basis and maintain 
a balance between the specialties’, was-approved. 

The President reported that Messrs. Caw and Gate 
had donated £200 as a grant in aid to assist members 
in travel on the Association’s business or other travel 
approved by the Association. The President also 
reported the generous offer by Messrs. H. J. Heinz 
Company Ltd. of £2,500 per annum for seven years 
in the first instance to endow Commonwealth travel- 
ling fellowships. These offers were accepted with 
acclaim. 

Professor A. V. Neale, on behalf of the Associa- 
tion, thanked the President for the part which he had 
played in these negotiations. 


Report of the Executive Committee 
1959-60 

Osiruary. The Association has suffered the loss 
of one honorary member, Sir Robert Hutchison, 
an original member and former Presideat, and also 
the loss of two corresponding members, Professor 
Bronson Crothers and Dr. J. L. Gamble. 

EXECUTIVE COMMITTEE 

The membership of the Executive Committee 

during the year 1959-60 has been: Dr. J. Apley, 


~ Dr. I. A. B, Cathie, Dr. P. R. Evans, Dr. J. Forest 


Smith, Miss I. Forshall, Dr. A. White Franklin, Dr. 
E. W. Hart, Professor D. V. Hubble: Dr. F. F. 
Kane, Dr. R. C. Lightwood, Dr. P. MacArthur, 
Dr. M. MacGregor, Professor A. V. Neale, Dr. L. G. 
Scott, Dr. Victoria Smallpeice, Dr. J. P.M. Tizard, 
Professor A. G. Watkins. | 

The following are invited to attend as observers: 
Sir Wilfrid Sheldon (Advisor in Child Health to the 
Ministry of Health); Dr. C. Asher (Ministry of 
Education); Dr. J. C. R. Buchanan (Colonial 
Office); Dr. D. Taylor (Ministry of Heaith). 

The Committee met in November, 1959 and 
February, 1960 and will meet again on May 4th, 
1960. In addition to receiving reports from sub- 
committees (see below) the following matters were 
among the more important to be considered: 

The Executive noted with great pleasure the 
distinctions conferred on Sir Wilfrie Sheldon, 
K.C.V.O., and Dr. Dorothy Taylor, C.E.E. 

1. MEDICAL CARE OF ADOLESCENTS. (D. V. 
Hubble, R. R. Gordon, R. C. Mac Keith, Victoria 
Smallpeice and R. E. Smith.) The report of this 
sub-committee was published in The Lancet. 


2. CHILDREN IN ADULT WARDS. Representa- 
tion was made to the Faculty of Ophthalmologists 
concerning the nursing of children in adultophthalmic 
wards. This was considered by the Council of the 
Faculty and a favourable reply was recewed, stating 
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_ that the views of the Platt Committee had been noted 
and accepted, 

Uoo 3. APPOINTMENT OF PHYSICIANS TO PRACTISE 
~ PAEDIATRICS, A survey of the number of general 
physicians having care of children’s wards was 
= carried out. The number was not large. In one 
_ recent example when such an advertisement was 
. published, the Association had investigated through 
one of the members and had been satisfied that this 

was the only practical solution in this case. 





4. ADMISSIGN OF SPECIALISTS TO MEMBERSHIP OF 
THE ASSOCIATION. The Executive Committee had 
considzred the election of specialists to ordinary 
membership. A proposal to alter Rule 2 of The 
Assockation is to be submitted at the Annual Meeting 
to try and establish the criteria on which such elec- 
tions. should be made. 


5. Home Care SCHEMES. A request was received 
from she Central Consultants and Specialists Com- 
mittee seeking the views of the Association on the 
value of Home Care Schemes for the treatment of 
sick children. The Association stated that it was in 
favour of such schemes in general. The Executive 
Committee felt that it was necessary to clarify their 
policy. with regard to such schemes. A sub-com- 
mittee was set up (M. MacGregor, J. Apley, F. S. W. 
Brimblecombe, D. Gairdner and L. G. Scott) and 
has submitted two interim reports to the Executive 
‘Committee and is at present reframing this report in 
the light of comments which have been made. 


6. CONSULTANT PAEDIATRICIAN APPOINTMENTS. 


7. THE PROBLEMS OF THE REGIONAL PAEDIATRI- 
CIAN. 


8. THE Joint WORKING PARTY ON THE STAFFING 
STRUCTURE IN THE HOSPITAL SERVICE. 

Three closely allied problems have arisen during 
the past year. Last year the report of the Executive 
Committee indicated a keen interest in the future 
appcintments of paediatricians and the need to train 
individuals fer these appointments. The discussion 
at the Annual meeting, 1959, on ‘The Problems of 
the Regiona! Paediatrician’ raised further points. 
The Joint Working Party on the Medical Staffing 
structure in the Hospital Service invited the Associa- 
tion to submit a memorandum on the paediatric 
services. The President set up an ad hoc Com- 
mittee (R. C. Lightwood, P. R. Evans, E. W. Hart, 
D. V. Hubble, M. MacGregor, L. G. Scott and A. G. 
Watkins) which prepared a memorandum. This 
was submitted to the Joint Working Party which 
later requested oral evidence on April 6. The 
Association was represented by E. W. Hart, P. Mac- 
Arthur, M. MacGregor and A. G. Watkins. 
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The Executive Committee considered these three 
topics at the November meeting and initiated a 
survey of all paediatricians to obtain information 
about the present structure of the paediatric services. 

The questionnaire was sent to 242 individuals 
having paediatric sessions and was completed by 221. 
The replies are still under analysis and have given a 
picture of the paediatric staffing of the country and 
have emphasized the position of the paediatrician in 
relation to the care of the newborn infant, the local 
Health Authority clinics and infectious diseases 
units, and have given facts concerning the difficulties 
in obtaining junior staff, cover for paediatricians on 
leave and prospects for senior registrars. 

A preliminary report will be given at the Annual 
Meeting at Scarborough. 


9. COMMONWEALTH TRAVEL FELLOWSHIPS. AS 
reported last year, negotiations have been under- 
taken to raise money to assist Commonwealth 
paediatricians to visit this country each year, either 
at a time which would permit attendance at the 
Annual Meeting or for periods of post-graduate 
study. Negotiations have reached a hopeful stage, 
and it is hoped that a further report will soon be 
available. 


10. Cow AND Gate GRANT IN AID. Messrs. 
Cow and Gate have generously donated the sum 
of £200 for one year in the first instance. This: 
money is to be used to assist members in meeting 
the expenses of duties approved by the Association. 


11. Vistr TO SWEDEN 1960. At the February 
meeting the Executive Committee conducted a 
ballot to select the names of the party to visit 
Sweden in September, 1960 at the invitation of 
the Swedish Paediatric Association. 


12. LIAISON WITH THE BRITISH MEDICAL ASSO- 
CIATION. In response to representation from the 
Association a letter was received from the Secretary 
of the B.M.A. stating that the Council of the 
B.M.A. would bear in mind the P.B.A.’s request 
for consultation on paediatric problems which the 
B.M.A. may consider in the future, but that it 
could not commit itself always to do so. 


13. CASULTY SERVICES AND Units. The Execu- 
tive Committee wrote to the President of the Royal 
College of Surgeons requesting that full considera- 
tion should be given to the proper care of infants 
and young children when the Royal College of 
Surgeons met to consider the future planning of 
Casualty Services and Units. This problem remains 
under further review. 


14. ANNUAL MEETING, 1961. The joint 
meeting with the Canadian Paediatric Society 
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is planned for the last week in June, 1961 in 
Cambridge. | 


15. INTERNATIONAL PAEDIATRIC ASSOCIATION. 
A request was received from the International 
Paediatric Association to send a representative to 
Zurich to discuss ‘Some selective measures which 
will increase definitely the standard of Paediatric 
education’. This was declined as it was considered 
that the W.H.O. inquiry had not been fruitful owing 
to its inherent difficulty and the unsatisfactory 
nature of the questionnaire. 


16. OvrHer Topics. Other topics which have 
been discussed are: Paediatric Education in 
Europe; The Fountain Hospital; The International 
Paediatric Association; a proposed Institute of 
Child Care, and arrangements for the annual 
meeting. 


STANDING COMMITTEES 

Cup Psycuotocy: J. Apley, D. MacCarthy, 
Mildred Creak, R. M. Mayon-White, D. Y. Hubble, 
A. A. Moncrieff, R. C. Mac Keith, C. F. Potter. 

The sub-committee has reported to the Executive 
Committee at each meeting. The Standing Com- 
mittee is discussing liaison with the Mental Defi- 
ciency Section of the Royal Medico-Psychological 
Society. The Standing Committee has recommen- 
ded a change in its title to ‘Standing Committee on 
Mental Health’ and this has been approved. 


Nursinc: Mildred Creak, R. S. Illingworth, Sir 
Wilfrid Sheldon, D. J. Waterston, A. G. Watkins. 

The Committee has had discussions with the 
Association of British Paediatric Nurses and has 
furnished an interim report. Further discussions 
are to be held. 


TropicaAL Pagpratrics: R. W. B. Ellis, R. 
Lightwood, A. A. Moncrieff, M. MacGregor, 
A. G. Watkins, Cicily Williams. 

No report. 


Joint ComMMITTEE witH R.C.O.G.: P. R. Evans, 
J. H. Hutchison, R. Lightwood, F. J. W. Miller, 
A. A. Moncrieff. 

Has not met since formation in 1958. 

JAMES SPENCE MEDAL: P. R. Evans, C. G. Parsons, 
R. A. McCance, F. J. W. Miller, The Secretary 
(ex officio). 

The Committee has met and has prepared a 
report. 

REPRESENTATIVES: 

National Association for 
J. Apley 
U.K. Committee for Poliomyelitis: E. W. Hart. 


mental health: 
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Maternity and Midwifery Committee of the 
Ministry of Health: J. Forest Smith. 

Joint Tuberculosis Council: W. F. Gaisford. 

Standing Maternity Hospital Report Com- 
mittee of R.C.0.G.: A. A. Moncrieff. 

Medical Advisory Committee of Nursery 
School Association: L. G. Scott. 

Leonard Parsons Memorial Committee: S. 
Graham. 

National Association for Maternity and Child 
Welfare: A. White Franklin. 

Editorial Committee, Archives of Disease in 
Childhood: see list in Archives. 


AD HOC COMMITTEES 


ACCIDENTS IN CHILDHOOD. An ad hoc sub com- 
mittee (J. O. Craig, V. Smallpeice, and S. Yudkin) 
was set up to consider the extent to which the Asso- 
ciation should participate in consideration of this 
problem. After receiving the report of the sub- 
committee at the February meeting, it was decided 
to set up a standing Sub-Committee on Aceidents in 
Childhood to keep the problem under constant 
review. The Sub-Committee includes J. O. Craig, 
Isabella Forshall, R. C. Mac Keith, Victoria 
Smallpeice, R. B. Zachary and S. Yudkin. 


MEDICAL SERVICES REVIEW COMMITTEE (PORRITT 
COMMITTEE). The Porritt Committee requested the 
following memoranda which were submitted: 

(a) Psychiatric Services; (b) Welfare of Children in 
Hospital; (ce) The Medical Care of the Adolescent, 
(d) Report on Hospital Accommodation. An 
invitation was received from the Sub-Committee on 
Maternity and Child Health Services of the Medical 
Services Review Committee, to nominate a paediatri- 
cian to join the Sub-Committee. Professor W. S. 
Craig was invited to serve as our representative. 


COMPOSITION OF Milk (Coox COMMITTEE): 
W. A. B. Campbell, I. A. B. Cathie, E. W. Hart, 
J. Thompson. Oral evidence was given by I. A. B. 
Cathie. 


ARTIFICIAL INSEMINATION: W. S. Graig. E. W. 
Hart, A. P. Norman, C. O. Carter (co-opted). 
The Home Office Departmental Committee on 
Artificial Insemination (Feversham Committee) 
asked the Association to give oral evidence. 
W. S. Craig and E. W. Hart represented the Asso- 
ciation. 

INFECTIOUS Diseases Hosprrars: R. H. Dobbs, 
F. F. Kane, M. MacGregor and Dorothy Taylor. 
A questionnaire has been circulated and is under 
analysis. 
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= | SURVEYS 

o HYPERCALCAEMIA AND Rickets. The survey 
continues and has been extended in scope to 
clude cases of rickets up to the age of 5 years. 
RIBOFLAVIN DEFICIENCY : No cases were reported. 
NEED FOR A PAEDIATRIC ABSTRACTING SERVICE: 
his survey was undertaken at the request of the 





a Childhood, and the following replies were received: 
(a) De you use an abstracting service Yes 86 
` today? No 36 
(b) Do you feel the need of a paediatric Yes 52 

abstracting service? No 70 





NOTICES 


Tenth international Congress of Paediatrics. 

The Congress will be held in Lisbon from Septem- 
ber 9-15, 1962. _ 

The President will be Professor C. Salazar de 
Souza, and the address of the Secretariat of the 
Congress is: 

Clinica Paediatrica Universitaria, 
Hospital de Santa Maria, 
Avenida 28 de Maio, 
Lisbon 4. 

Registration Active members 1000 Escudos. 
- fees: Associate members 600 Escudos. 

Registration period, August 1, 1961 to January 
31, 1962. l 

If any members wish to take their families by 

- caravan or to camp, they should write to: 
Clube de Campismo de Lisboa, 
= Rua de Misericordia, 137-20, 
| Lisbos, 
| - Portugal. 
where they will obtain all the necessary information. 


SCIENTIFIC SESSIONS 
J..O, Craic (Glasgow). ‘Body Build in Childhood.’ 
The measurement, tabulation and phenotyping of 3,900 
Glasgow children by Parnell’s method were described. 
. “Hermaphrodite tables were used, so development of one 
` sex could enly be considered relative to the other. Boys 
arë more muscular and less fat even at 5 years, the 
youngest group studied. Girls seem to show a boyish 
growth trend around 9 years. Children from good 
homes are amore fat, more linear and less muscular than 
children feom poor homes at all ages studied. The 
consistency of the findings suggests the method is valid 
in childhoed, and can supply a somatic background to 
development and disease. 
James Ceooxs (London). ‘Posterior Choanal Atresia’. 
Bilateral posterior choanal atresia may be the cause of 
death in the newly born. Such a baby has so strong an 





x 
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instinct to nose breathe that he fails to learn the trick of 
mouth breathing and may suffocate to death within a day 
or two of birth. In the past probably such babies 
frequently died without the cause being recognized. This 
is less likely nowadays and recently on two occasions life 
has been saved by surgically removing the obstructing 
bone and membrane as an emergency measure within a 
day or two of birth. This, not tracheostomy or intubation, 
is the correct procedure. 


J. ApLey (Bristol). ‘Primary myocardial disease in 
infancy: clinical aspects.’ In 24 infants (with autopsy 
in 20 fatal cases) the diagnoses were as follows: Glycogen 
Storage disease of heart, one: aberrant left coronary 
artery, four; myocarditis, five: Endocardial fibro- 
elastosis, 14. 

Primary myocardial disease is not a pathological 
entity, but a clinical group of disorders with some features 
in common. These are summarized and illustrated and 
differential diagnosis within the group is discussed. The 
importance of diagnosis is stressed, because in some types 
of primary myocardial disease treatment may be life- 
saving. Some possible approaches to research on 
diagnostic methods and on aetiology are suggested. 


T, J. Renpve-Suort (Sheffield). ‘A development test 
based on the time taken to establish a conditioned reflex.’ 
To be published in full. 


lan M. ANDERSON (London). ‘Total Pulmonary 
Anomalous Venous Drainage.’ The various types of total 
pulmonary anomalous venous drainage were described 
and 10 cases of this condition were recorded. The clinical 
features of the condition were discussed and also the 
various ancillary methods of diagnosis such as electro- 
cardiography, radiology, angiocardiography and cardiac 
catheterization. The feasibility and importance of early 
recognition was emphasized with particular reference to 
the possibility of surgical correction with the aid of 
modern methods of open heart surgery, 

R. H. R. Wurre (London). 
serum transaminase levels and liver biopsies.” Serum 
transaminase levels were estimated on capillary blood, 
by King’s (1958) method, in 38 children from whom liver 
biopsies were obtained by either needle or surgical 
technique. The normal range. is 10-110 u., moles 
pyruvate/100 ml. serum/hour. Normal levels were 
found in polycystic disease and storage disorders, and 
normal or moderately elevated levels in cirrhosis. In 
five out of nine infants with giant-cell hepatitis SGOT 
levels were higher than 320 and SGPT levels higher than 
500 2. moles, while in all nine cases the GOT/GPT ratios 
were < 1'0. In biliary atresia less elevated levels were 
found and the GOT/GPT ratios were > 1-0 in five out 
of seven cases. While thus affording some guidance in 
obstructive jaundice, transaminase levels are not always 
sufficiently diagnostic to replace liver biopsy. 


Mary HALLoweLy (Birmingham). ‘Duodeno-jejunal 
biopsies in steatorrhoea.” The results of 40 duodeno- 
jejunal biopsies in children were reported. Twenty-nine 
of these children suffered from coeliac disease already 
established by other criteria and in all except one the | 


‘A comparative study of © 
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characteristic coeliac appearance of the small intestine 
mucosa was demonstrated. Eleven other children had 
anormal mucosa. Six of them did not have steatorrhoea 
at the time of biopsy, but the remaining five children had 
steatorrhoea. Of these five children one was a case of 
bile-salt deficiency, the second had no beta-lipoprotein in 
her serum and in the other three no cause was found for 
the steatorrhoea. 


R. B. Zacnary (Sheffield). ‘Surgical aspects of a 
Controlled Series of Untreated Cases of Hydrocephalus, 
and those Treated with a Spitz-Holter Valve? This paper 
reviews the failures in the treated group in order to assess 
which failures were attributable to remediable technical 
errors and which were a risk inherentin the method. The 
chief complication was thrombosis of the jugular vein 
beyond the lower end of the jugular catheter. This may 
be due to the insertion of too short a length of tubing into 
the jugular vein, or to the gradual elevation of the lower 
tip of the catheter due to growth of the child. The change 
of length in the superior vena cava, the innominate vein 
and the jugular vein with growth during the first few years 
of life is important, and must be allowed for either at the 
original operation or by a revision before thrombosis 
occurs. 


A. P. Norman (London). ‘“Perceptive Deafness and 
Hyperbilirubinaemia.” Between the dates of May, 1953 
and February, 1956, at Queen Charlotte’s Maternity 
Hospital, 63 infants were born, in whom the total 
bile pigments reached a level of 20 mg./100 ml. Three 
of these cases have died and 14 could not be traced or 
failed to cooperate. Three more have not yet been 
investigated. In five cases audiometry was not carried 
out but normal hearing has been confirmed by other 
means. In 38 cases, audiometry was carried out: of 
these, three showed some hearing loss not perceptive and 
not associated with hyperbilirubinaemia. Five children 
showed perceptive high tone deafness: three of these were 
known to have cerebral palsy resulting from kernikterus 
due to rhesus incompatibility. Two were not previously 
known to be deaf: of these one had been affected by A.O. 
blood group incompatibility and the other was a pre- 
mature baby with no known blood incompatibility. The 
maximum bilirubin concentration reached in these cases 
ranged from 34 mg./100 ml. in one case, to 20 mg./100 ml. 
in the case of the premature baby who showed no evidence 
of immunization. The findings of perceptive hearing loss 
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in these cases suggests that the i maximum bilirubin con- 
centration should be kept somewhat lower than is some- 
times advocated. These findings also suggest that per- 
ceptive deafness may complicate hyperbilirubinaemia 
without overt signs of kernikterus more often than is 
realized. 


JUNE LLOYD (Birmingham). ‘Observations on Prim- 
ary Hyperlipaemia.” In a patient with primary hyper- 
cholesterolaemia treatment with a diet rich in unsaturated 


fat was successful in lowering serum lipids and improving 


the clinical condition. In contrast, two patients with 
idiopathic (neutral fat) hyperlipaemia showed clinical 
and biochemical improvement on a low-fat diet, whereas 
an unsaturated-fat diet was ineffective. Levels of alpha- 
lipoprotein were found to be low in idiopathic hyper- 
lipaemia and the significance of this finding in retation to 
aetiology was discussed. 

M. S. FRASER (Aberdeen). - ‘The Measurement of 
Children’s Motor Ability.’ Motor performance tests 
yielding numerical results, make possible the objective 
assessment of bodily abilities and should find various 
uses in paediatric research. This‘ ‘neurometric’ approach 
is illustrated by methods employed in a follow-up study 
(J. Obstet. Gynaec. Brit. Emp., 1959, 66, 748) of 150 
children who were asphyxiated at birth and of their 
rigorously matched controls. At 7-13 years of age, no 
convincing reduction of manual dexterity was observed, 
although speed, strength and precision were separately 
measured. Subclinical impairment of locomotor co- 
ordination was detected by Heath’s rail-walking test. 


WINDERMERE Lecture. Professor J. Lind (Stock- 
holm) delivered the Windermere Lecture entitled 
‘Aspects of the functional adaptation to extra- 
uterine life of newborn infants’. 


On the evening of May 4, 1960, the Honorary 
Secretary reported the results of the preliminary 
analysis of the replies which had been given to the 
questionnaire on the paediatric staffing structure in 
the hospital service. This was followed by a brief 
discussion. 


K. R. Llewellin won the Ulster Cup golf competi- 
tion. 


BOOK REVIEWS 


< Growing Up in Newcastle upon Tyne: a continuing study 
© = of health and illness in young children within their 
famibes. By F. J. W, MILLER, S$. D. M. Court, 

W. S. WALTON and E. G. Knox. (Pp. 369; illustrated, 

25s.) Published for the Nuffield Foundation by the 

Oxford University Press. 1960. 

The Mewcastle study was initiated in 1947 by Sir James 
Spence and his co-workers of the Nuffield Department 
of Child Health at King’s College and the City Health 
Department with the object of providing a record of the 
incidence and type of illness occurring in childhood 
evaluated against a fully studied family and environ- 
mental background. It is offered as ‘a contribution 
towards understanding the needs of the family in sickness 
and in health’ as a means of preventing childhood 
disturbances and illnesses with their associ ated morbidity 
and mortality. The study emphasizes throughout the 
child as ar integral part of his family and environment. 

: The first volume, ‘A Thousand Families in Newcastle 
upon Tyne’,* deals with the first year of life of the 
children ie the sample. The new volume is a con- 
tinuation cf this work and presents the progress of 847 of 
the children from the same thousand family sample 
during the first five years of life between 1947 and 1952. 
The boek describes the varying social and economic 
fortunes..of the family seen against a background of life 
in the city and gives a general picture of the patterns of 
illnesses and deaths during the five years. These are 
subsequently described in detail and related to various 
aspects ef ‘he child’s environment which have been fully 
considered ‘in terms of housing, family and medical care. 
The importance of this approach can be seen in the 
-conclusion that ‘in infancy, at least, social factors largely 
‘determine whether a given infection will develop as a 
cold, bronchitis or pneumonia’, The Significance of the 


family mm the epidemiology of childhood illness is 
beautifully demonstrated in the family studies of en- 





trenched staphylococcal and Streptococcal infections. 
The analyses of recorded facts are well laid out in the 
Appendices and a short glossary of medical and local 
terms is provided. There are some excellent photo- 
graphs which add to the clear descriptive pictures. 

~The value of the book lies not only in its clear presenta- 
tion of the natural history of childhood disease fully 
evaluated against its environmental and epidemiological! 
background, but in its record of contemporary social life. 
The care and consideration with which the families have 
been treated in order to obtain these facts are evident 
throughcut the book and are stressed by the attitude ‘We 
hope thet during these years we have been sufficiently 
sensitive to: the privileges we have been so generously 








10%. Published for the Nuffield Foundation andthe Nuffield Provincial 


“Hospitals Trust, 1954, 10s. 6d. 


given’ and also by the degree of cooperation from the 
families with only seven withdrawals from the survey 
during the five years. The high incidence of disturbance 
in the human environment, with 53% of the children 
having at least one adverse factor in deprivation, defi- 
ciency and dependence, and 8 ‘3°, of children whose 
families are deeply involved in all three factors, stresses 
the real need for family guidance, especially in the 
sphere of personal relationships. Education of parents 
with regard to the recognition ef illness and the avoidance 
of contact with cases requires greater attention than has 
been previously given in order to reduce further illness 
and morbidity in children. The important role of 
family doctor emerges in its true light and the need for 
improved medical education in order to enable him to 
fulfil this role adequately is made apparent. 

It is hoped that as the study advances greater attention 
might be paid to the physical growth of these children: 
a few simple measurements accurately taken by health 
visitors at regular and more frequent intervals would 
provide a unique opportunity for longitudinal growth 
study in so large and representative a sample of children 
whose background and development is intimately known. 

This book is strongly recommended to all those 
concerned with family health, in particular, medical 
students, family doctors, health visitors and sociologists 
and to any who seek an outstanding study to provide a 
model for any similar work. 


Brucellosis in England. By HuGH R. E. WALLIS, 
140; 9 figs: Index. 
Co. Ltd. 

Dr. Harold J. Harris states in the preface to this book, 
‘The case histories given so vividly but with such admir- 
able conservation of verbiage (which indeed pertains 
throughout the book) serve to call attention to the 
manifold symptomatology of brucellosis . . >; unfor- 
tunately the greatest fault of this book is its failure to 
present concise and exact data and observations. Dr, 
Wallis quotes extensively from the classic paper of 
Barrett and Rickards but the evidence he presents is not 
as convincing as was theirs. One of the most interesting 
sections is the brief historical review. 

There are several errors which point to poor editing, 
which is surprising in a monograph which is obviously a 
labour of love. It is irritating to find ‘see Table I on 
pages 30-31’ when Table 1 is on pages 88-89: or to read 
‘the urine may show a few to many leukocytes’: or that 
a very good positive skin reaction ‘remained for a week 
and the centre became almost neurotic’. Percentages 
are often given to the second decimal place but as the 
thesis is mainly developed on the data from 35 cases, this 
is hardly justified: it would appear that Dr. Wallis might 
have been bewitched by his ewn figures as when he 
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refers to the examination of 17 specimens of sera, 
obtained after skin tests had been performed, and he 
found that ‘14 (82: 35%) showed a significant rise in titre’. 

It is stated that blood culture is rarely positive, but it ts 
surprising that there is no mention of a blood culture 
being performed on Case 4, which was diagnosed early in 
the disease when the titre of agglutinins was high; the 
reviewer has always found that such a case has given 
positive blood cultures. 

However, this book emphasizes the importance of 
excluding a diagnosis of chronic brucellosis in patients 
who have ‘rheumatic’ symptoms and it is valuable also 
because it restates the value of brucellin skin tests when 
these are combined with serial agglutination reactions; 
the author also demonstrates the danger inherent in 
unpasteurized milk. 


The Royal Edinburgh Hospital for Sick Children, 1860- 
1960. By DouGLas GUTHRIE with various contribu- 
tors. (Pp. 75+-xii; illustrated. 17s. 6d.) Edin- 
burgh and London: E. and S. Livingstone Ltd. 1960. 
The Royal Edinburgh Hospital for Sick Children 

celebrates its Centenary this year, a fact which will be 

acclaimed by many outside the intimate circle of those 
privileged to speak affectionately of the ‘Sick Kids’. 

The story of this famous hospital is an epic which 
compels the telling as the first hundredth milestone passes. 
We must all be grateful to Dr. Douglas Guthrie for his 
undertaking and congratulate him warmly upon his 
achievement. He has given us a delightful little book 
which is assured of world-wide interest. 

The author has been assisted by seven other distin- 
guished contributors. This could have been a problem, 
but any risk of scrappiness or repetition has been skilfully 
avoided. History unfolds smoothly, crucial episodes and 
vital personalities are admirably high-lighted, and the 
result is a most readable record of great historical value. 
From its birth, a hundred years ago, the Hospital has 
grown gloriously in the setting of the Edinburgh School 
of Medicine of which it must always be an essential 
bulwark. Today state control brings a new challenge, 
as Professor Ellis indicates in his wise assessment of the 
future. There are many in the hospital world cutside 
Edinburgh who chafe under the torpor of bureaucracy 
and pray for a renaissance in high places of the courag- 
eous vision which inspired the Voluntary Hospital 
System. Wherever re-education may be necessary, 
Dr. Guthrie’s book affords a timely stimulus. 


Maternal Disorders related to Fetal Stress, Perinatal 
Death and Congenital Defects. Selected References 
1952-58, (Pp. v+33.) Bethesda, Md.: U.S. Dept. of 
Health, Education and Welfare. Copies available 
from the Library, National Institutes of Health, 
Bethesda 14, Maryland, U.S.A. 

This list of references is concerned with those maternal 
disorders which bear on the foetus and the perinatal 
period and which cause congenital defects. There are 
some 413 of them but as the articles included are all in 
the English language, the publication is of rather doubtful 
value. 
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Der Liquor Cerebrospinalis in Kindesalter. By H. 
SCHONENBERG. (Pp. viii-+175; 43 figs. DM. 29. 
Stuttgart: G. Thieme. 1960. 

This is the first comprehensive monograph on the 
cerebrospinal fluid written by a paediatrician for paedia- 
tricians. It is divided into two paris—the first giving 
the general data of physiology and pathology whilst the 
second contains a full account of the fluid findings in 
each disease. In both parts the presentation ef detail 
and the discussion of the theoretical aspects are well 
balanced. The main subjects of part one include 
barriers, testing for permeability, technique of specimen _ 
taking, pressure, cells, proteins, electrophoresis, colloid l 
reactions, sugar, sodium chloride, lipins, lactic acid, 
amino-acids, physico-chemical properties, enzymes, 
vitamins, immunology, the normal, subnormal and 
pathological liquor in general and the liquor syndromes 
(meningitis, encephalitis). The second pari is devoted 
to a description of the fluid changes integrated with the 
pathology of all known central nervous. diseases of 
childhood including Listeria infection, actinomycosis, 
leptospirosis, mycoses, toxoplasmosis, foreign body 
meningitis and viral encephalomyelitis (down. to cat- 
scratch disease). > 7 

The author draws from personal experience, and his 
presentation of the possibilities and Limitations of liquor 
diagnosis is critical. A list of references rumning to 
13 pages concludes the book. It will be welcome to 
paediatricians and clinical pathologists. 


X-ray Diagnosis of the Alimentary Tract in Infants and 
Children. By Epwarp B. SinGeeton. (Pp. 352. 
83s.: 11.008.) London: Interscience Publishers Ltd. 
Chicago: Year Book Publishers Inc. 1959. 

This is by far the most realistic and comprehensive 
book on the radiology of the gastro-intestinal tract in 
children that has yet been published. It is very readable 
and approaches the subject from the viewpcint of a 
logical application of radiographic techniques to the 
problems of children’s disease. This is perhaps the 
chief value of the book. The clinical background, 
including the developmental, anatomical and physio- 
logical factors involved in each problem, is first excel- - 
lently surveyed. The position of radiology in each case- 
is then given in detail, and the radiological contribution 
discussed in an unusually able manner against the 
clinical background. At the end of each section there 
is a list of references, and the titles and subtitles are 
clear and numerous. J 

The illustrations are of the same high quality as the 
text and excel those found in most textbooks of radiology 
by concentrating on the problem at issue. They are 
unusually effective, and there are plenty of them. 

This work can be recommended without reservation 
and will be found of the utmost value to both clinicians 
and radiologists. It should go far to clear up a lot of 
the uncertainty that still prevails as to the role radiology 
plays in the diagnosis of alimentary disease in the young. 
The author is to be congratulated. 
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From tke examination of biopsy material Sakula 
a Shine= (1957), Rubin, Brandborg, Phelps and 
“Taylor (1960a) have demonstrated histological 
changes ir the duodenal mucosa of patients with 
coeliac disease or wheat gluten intolerance and 
shown that these changes are identical with those 
‘demonstrated by themselves and others in adult 
; patients wah idiopathic steatorrhoea. The changes 
“recorded by all observers in both conditions are 
very similar but vary in severity in individual 
patients. ‘However, the interpretation of the nature 
of these changes and whether they are primary 
anatormica ones or secondary to the effect of in- 
gested food substances has not been clearly demon- 
strated ane is still a matter for conjecture, 
~~ Shiner end Doniach (1960) in their most recent 
publication state that the histology suggests defec- 
tive forma:ion of villous epithelial cells and describe 
the picture as villous atrophy of varying grades. 
-They suggest that the changes are primary and 
“irreversible and the harmful effect of wheat gluten 
as. superimposed on this primary atrophy. Rubin, 
jPrandbony Phelps, Taylor, Murray, Steimler, 
5 and Volwiler (1960b) also suggest that the 
nis aa irreversible one and that it may persist 
gr out life; they agree, however, that their 
f3 r this 1S incomplete, as in two patients 
| appeared to improve with treatment. 
‘The: present study demonstrates the histological 
changes ir the duodenal mucosa in biopsy material 
om a gsoup of newly diagnosed young coeliac 
-patients aad the complete or partial disappearance 
me se Caanges during the first year of treatment 
in patients of this group from whom subsequent 
_ biopsies have already been obtained. 

























Material and Method 


Clinical ‘Material. From January, 1959 to April, 
60, a siegle duodenal mucosal biopsy was obtained 







1960) 


from each of 17 children newly diagnosed as cases of 
coeliac disease or wheat gluten intolerance. All children 
were subsequently treated by excluding wheat gluten 
from the diet and were followed carefully. In 11 of 
these patients biopsies have been ‘repeated at certain 
intervals during treatment. 

Criteria for initial diagnosis were rigid and only children 
showing the features of clinical history and physical 
examination recorded in previous publications (Ander- 
son, Frazer, French, Gerrard, Sammons and Smellie, 
1952b; Anderson, 1959) were included. Laboratory 
investigations demonstrated steatorrhoea by fat balance, 
normal quantities of pancreatic enzymes in duodenal 
fluid using the methods described previously (Anderson 
et al., 1952b), normal sodium and chloride content of 
sweat determined by the method of Anderson and 
Freeman (1958). Gastro-intestinal infection and tuber- 
culosis were excluded by relevant tests. All patients — 
improved rapidly and showed normal clinical progress 
on a wheat gluten free diet. 


During the period of treatment the diet was carefully Cine fut 


checked at each visit. At the time of each subsequent 
biopsy, a three-day stool collection was examined: for 
total fat excretion; haemoglobin, weight, height and 
clinical progress were recorded. | 


Collection of Biopsy Material. Biopsies were obtained | 
by the multipurpose suction biopsy tube of Brandborg, 
Rubin and Quinton (1959) without the mercury con- | 
taining balloon attached. Patients were fasted- over- 
night and the tube passed orally while the patient was 
under basal anaesthesia with rectal bromethol (100 mg./ 
kg.). The end of the tube was manoeuvred into the 
duodenum under fluoroscopy using an image intensifier 
and television screen. Radiation table dose was between 
0-5 and I roentgen in young children and did not exceed 
2 roentgens in the older children: the procedure was 
abandoned after these levels had been reached, if the 
tube was not in position. Specimens were taken from the 
second, third or fourth part of the duodenum and were 
about 3-5 mm. in diameter, consisting of mucosa and 
muscularis mucosae with a minimum of submucous 
tissue. 
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It has not been found easy with this type of tube, 
within the limits of radiation dosage and with the tube 
passed by mouth instead of nose, to obtain specimens 
beyond the duodenojejunal flexure in young children. 
Therefore in this paper the duodenal mucosal changes 
only are described. 

No post-biopsy complications were encountered. 
The use of basal anaesthesia helped in the ease of the 
procedure and in abolishing any unpleasant memories 
of the event from the minds of the children, allowing 
follow-up material to be obtained more readily. A 
single biopsy specimen only from each child was exam- 
ined as success in obtaining more than one specimen at 
a time was very limited. 

The method for orientation of the biopsy specimens, 
fixing and H. and E. staining followed substantially 
those described by Rubin ef al. (1960a) and, as these 
authors recommend, sections from the central core of 
the specimens were examined to avoid tangential arte- 
facts. The sections were examined, and compared with 
reference to particular features by the author, who was 
aware of their origin and also by two pathologists of the 
Royal Children’s Hospital, Melbourne, Dr. A. Williams 
and Dr. L. Taft, independently, and without knowledge 
of their origin. Quantitative counting of villi as des- 
cribed by Rubin et al. (1960a) was not carried out. 

Duodenal biopsies from children without organic 
disease have been obtained under identical conditions 
and examined in the same way. The appearance des- 
cribed by Shiner and Doniach (1960) and Rubin et al. 
(1960a) for normal duodenum have been confirmed, 
but for the sake of brevity are not illustrated again in 
this paper. 


Results 


Initial Biopsy Specimens. The duodenal mucosa 
was abnormal in all patients. Low magnification 
microscopic examination showed a characteristically 
flat surface to the mucous membrane. In most 





Fic. 1.—Example of duodenal biopsy (x 37) from Group I. 
Case 5—moderately severe (+ + +) changes—long flat areas between 
crypts—irregularity of surface epithelium, 
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Fic. 2.—Example of duodenal biopsy (= 35) from Group II. 
Case 14—straight edge to mucosal surface—short stumpy villi— 
minimal change in epithelial cells. 


cases villi were completely absent, replaced by 
broad flat areas between crypts (Figs. 1, 3, 7 and 11). 
In a few, flattened stumpy villi were present but 
these did not show branching nor project above the 
surface (Fig. 2). The chief characteristic was the 
straight flat edge of the mucosal surface. In the 
majority, surface epithelial cells were altered, the 
single layer of tall columnar cells with basal nuclei 
being replaced by flattened cells with irregularly 
placed nuclei, sometimes several layers of cells 
giving a stratified appearance. Usually very few 
goblet cells were present on the surface, but in the 
crypts epithelial cells had a more normal appear- 
ance and goblet cells were present. The lamina 
propria was considered of normal thickness but 
in some cases a deceptive increase in thickness was 
suggested because the lamina was not drawn up 
into the villi. The lamina propria contained many 
plasma cells, some eosinophils and occasional poly- 
morphonuclear cells, but there was considerable 
variation in the density of cell population among 
individual cases, this being often about the upper 
limits of normal, but sometimes greater than 
normal. 

As only one biopsy specimen was obtained from 
each patient a strict quantitative assessment of the 
mucosal changes seemed unwise since it is probable 
that these changes vary from place to place in the 
gut. However, the biopsies did show individual 
variation and the degree of severity of the changes 
was rated according to a series of pluses (+), by 
the three observers, independently, with very 
minor disagreement. In Table 1 ths rating is 
compared with certain clinical findings. Only 
the most characteristic features were considered in 
determining the rating; for instance, degree of 
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TABLE Í 


CLINICAL FINDINGS IN 17 CASES OF COELIAC DISEASE COMPARED WITH SEVERITY 
F DUODENAL MUCOSAL CHANGES IN BIOPSY SPECIMEN 
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+4 + Occasional flattened villi, otherwise as above. 

oh ge Surface epithelium less severely disorganized, no stratification. Occasional flattened villi 

4 Least severe, surface epithelium still tali columnar with some flattened areas. VilH stumpy and poorly differentiated 
from creps, Straight edge to mucosa 


TABLE 2 


CLENICAL FINDINGS IN 11 TREATED CASES OF COELIAC DISEASE (FROM Tase 1) 
AND DEGREE OF IMPROVEMENT IN DUODENAL BIOPSY 


Duration | Fat Biopsy-— 
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p Villi present but still stumpy, surface epithelium tall columnar cells, 
+ Vili longer but not quite normal, surface epithelium normal. 
+ i + VHH and surface epithelium within normal limits. 
. Fat Exeretion. fnitial: Average of five days. In-patient. 
á Follow-up: Average of three days. Usually out-patient, 
: Diet: As far as could be assessed by comprehensive questioning of mother. 





Tea ization o of * surface epithelium and state of moderately severe, and the remaining six in whom 
“the villi. : the changes were definitely milder, particularly 
‘Table. i T d ai the cases fall into two groups, the change in surface epithelium. The majority 
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symptoms had been present for the longest time, 
are in the first group. However, this correlation 
is not complete as there is one older child with 
mild changes (Case 12) and two quite young children 
(Cases 1 and 2) with very severe (+ -+ + +) changes. 
Among the first group the degree of malabsorption 
in most cases appears to be rather more severe than 
in the second group but this correlation is still not 
extremely close, Cases 12 and 15 showing moder- 
ately severe malabsorption and Cases H, 9 and II 
showing a milder degree of malabsorption. The 
degree of clinical illness did not correlate with the 
changes, as some of the very young children of the 
second group showed quite severe symptoms, 
whereas the older children in the first group showed 
milder clinical symptoms which no doubt accounted 
for their late diagnosis. The two 10-year-old boys 
had been diagnosed in early infancy, treated for 
one or two years, and had then resumed a normal 
diet and were considered fairly well until readmitted 
for investigation of recurrent abdominal pain. 


Biopsy Specimens During Treatment. In Table 2 
the patients from Table i who had biopsies repeated 
during treatment are listed with records of fat 
excretion, haemoglobin and weight gain at those 
stages, together with some indication cf the degree 
of improvement in the appearance of the mucosa. 
In all cases alteration and improvement towards 
normal were noted, but to a variable degree, resump- 
tion of a normal or near normal appearance of the 
surface epithelial cells being the most constant and 
marked feature. Tall columnar cells interspersed 
with goblet cells are again present. Vili reappeared 
in each case but were very variable in their size, 
shape and number. Again a rating has been given 
to each of the subsequent biopsies, according to the 
degree of improvement in the surface epithelium 
and the villi. In five (+++) the biopsies were 
considered to be within normal limits; in four (+ +) 
the surface epithelium was normal in appearance 
but the villi were considered to be still somewhat 
shorter and wider than normal. In two the im- 
provement was slight (+) villi being very short 
and blunted but there was definite improvement 
in the appearance of the surface epithelium which 
was of the normal tall columnar type. The degree 
of improvement did not correlate well with any 
particular clinical feature, but was present after 
three months’ treatment (Cases 10 and 12) to a 
similar extent, as after nine to 12 months’ treatment 
(Cases 6 and 7). 

Dietary restriction was well carried out but in 
most patients occasional lapses took place, more 
particularly in the school age children who accepted 
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offerings from schoolmates, or because the mother 
was unaware that certain prepared and tinned foods 
contained gluten. Absorption was not always 
quite normal when the biopsies were repeated and 
these dietary lapses may have contributed to this. 
Marked clinical improvement had taken place in 
each case as can be seen from the weight aad haemo- 
globin gains, but the biopsy did not always show a 
comparable degree of improvement. 

Figs. 3 to 14 give visual evidence of the improve- 
ment in three patients. Low magnification pictures 
show the overall appearance of the biopsy with 
reappearance of villi during treatment, end higher 
magnification illustrates the detail of epithelial 
cells and lamina propria. Figs. 3 to 6, fram Case 6, 
illustrate the return to a normal or near normal 
appearance in the specimen taken 12 months 
after the beginning of treatment. Figs. 7 to 10, 
from Case 10, illustrate biopsies taken initially 
and after only three months of treatment and show 
a return to normal appearance of villi and surface 
epithelium. Figs. 11 to 14 from Case i illustrate 
a lesser degree of improvement of the villi, despite 
good clinical improvement, strict dietary regime and 
normal absorption; initial changes were of the 
severe type (++--++) with complete absence of 
villi and gross alteration of surface epithelial cells. 


Discussion 

Histological changes in the duodenal mucosa of 
patients with coeliac disease investigated in this 
study appear to be identical with those recorded by 
Sakula and Shiner (1957) and Rubin et al. (1960a). 
The variation in severity of the changes in the initial 
biopsy specimens parallels closely that observed 
by Rubin e al. (1960b) and the present findings 
agree with theirs, in that little correlation occurs 
between the severity of the lesion and the clinical 
symptoms: somewhat more correlation occurs 
with the degree of malabsorption; the closest 
degree of correlation is with the age of the patient. 
The most severe lesions occurred in the older children 
although again there were exceptions. 

Changes in the mucosa of the small intestine 
in patients with coeliac disease and idiopathic 
steatorrhoea indicate a reduction in surface area 
exposed to digested foodstuffs and this is thought 
to be responsible for malabsorption. in the 
present study some of the patients with severe 
degree of malabsorption, as determined by fat 
balance, did show the most severe changes in 
histology of the duodenal mucosa. However, 
some of the children with milder lestons showed 
considerable malabsorption (Cases 12 and 15). 
Explanation of this is uncertain but only one biopsy 


» 
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Fic. 3.—Initial biopsy ( x 31). 





Fic. 5.—Initial biopsy (x 85). 
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Fic. 6.—Biopsy after 12 months’ treatment ( x 86). 


Fics, 3—6,—Case 6— illustrating improvement (+ +- +) in duodenal biopsy specimen after 12 months’ treatment with gluten-free diet. 
Normal appearance of villi and epithelial cells. 


from each patient has been examined and the changes 
in the rest of the mucosa may have varied as shown 
by Rubin eż al. (1960a). That clinical symptoms 
did not parallel biopsy changes is not so surprising 
since the degree of malabsorption does not always 
parallel severity of clinical symptoms. Observa- 
tion of patients with coeliac disease during a number 
of years has shown that this latter finding is a 
common one. [ff is also characteristic that symp- 
toms in later childhood may not be as severe as in 
early life, despite an apparently greater absorptive 
defect. This was clearly seen in Cases 3 and 4, 
two boys of 10 years, who were thought to have 
recovered from childhood coeliac disease and were 
taking a normal diet. Their absorptive defect 
was considerable despite only mild symptoms of 
recurrent abdominal pain, recurrent loose stools 
in one and constipation in the other. The author 
holds the view that the degree of malabsorption 
in coeliac disease does not fully explain the degree 


of illness nor malnutrition and that there is probably 
some generalized deleterious effect of the toxic 
fraction of wheat gluten, this effect being more 
serious in the young child. 

In the present series mucosal changes in the 
biopsies obtained during the patient’s treatment 
with a wheat gluten-free diet have altered, and a more 
normal and sometimes quite normal appearance 
is resumed. The improvement is consistent in type 
although variable in degree. This finding is at 
variance with that of Sakula and Shiner (1957), 
who report one case of coeliac disease, stating that 
improvement in mucosal histology did not occur 
after five weeks’ treatment. However, they give 
no detail of the rigidity of the gluten-free diet, nor 
the state of absorption at the time of the second 
biopsy. Rubin ef al. (1960b), in their most recent 
communication, report two patients in whom they 
considered some improvement had taken place 
on a gluten-free regime, although they did not 
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Fic. 9.—Initial biopsy (x 86). 
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Fic. 10.—Biopsy after three months’ treatment (x 86). 





Fics. 7—10.—Case 10—illustrating improvement (— + +) in duodenal biopsy specimen after three months’ treatment with gluten-free diet. 
Normal appearance of villi and epithelial cells. 


discard the view that the histological lesion was 
a primary one, because other patients did not show 
such improvement. 

Single biopsies only have been examined in the 
present study, the state of the rest of the small 
intestine at the time being unknown. It is perhaps 
unwise to make a dogmatic conclusion from this 
type of material but the fact that all the patients 
who were followed showed some degree of improve- 
ment in histology of the mucosa is enough evidence 
to conclude that the lesion is at least associated with 
the presence of wheat gluten in the diet. 

The degree of improvement varied considerably, 
some subsequent biopsies being normal, others 
showing moderate improvement, others still less. 
However, all showed a surface epithelial cell which 
looked normal, in that it was tall columnar with a 
basal nucleus. Variation showed up particularly 


in the size, shape and number of villi. Interpreta- 
tion of what is normal in this respect is difficult, 
as mentioned by Shiner and Doniach (1960) and 
observed by ourselves in controls. The fact that 
there can therefore be considerable variation in 
size, shape and number of villi in patients with 
normal intestinal absorption makes it not impossible 
that some coeliac patients may have normal or near 
normal absorption without completely normal 
villi. Moreover, in man, the small mtestine is 
certainly longer than is necessary for maximal 
absorption, since considerable lengths may be 
removed surgically without altering absorptive 
capacity. Consequently a complete return to 
normality in histological appearances of the duo- 
denum is not necessary before the child can be 
clinically well and show normal absorption. The 
degree of improvement may be sufficient, or other 
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Fic. 13.—Initial biopsy (x 86). 
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Fic. 12,—Biopsy after nine months’ treatment ( x 28). 





Fic. 14.—Biopsy after nine months’ treatment (x 86). 


Fics. 11—14.—Case |—example of most severe changes (+ + + +) in initial duodenal biopsy specimen, and moderate (+ +) improvement 


after nine months’ treatment with a gluten-free diet. 


parts of the gut may have improved still 
more. 

If the abnormal changes are directly associated 
with the presenee of gluten in the diet, return to 
complete normality must also depend on the rigidity 
and persistence of the gluten-free dietary regime. 
Experienee over a number of years has shown how 
difficult it is for active toddlers and school children 
to be accurately restricted in diet. The complexity 
and diversity of modern, prepared and tinned foods 
makes it difficult for a mother to know which foods 
contain gluten, often used as an additive. Until 
the toxic fraction of wheat gluten is recognized it 
will not be clearly known whether small amounts may 
occur in other feodstuffs, in amounts, for instance, 
too smal! to cause clinical symptoms but enough 
to prevent full normality of the mucosa. Rubin 
et al. (1960b) did not comment on the strictness of 
the diet in their patients who did not show improve- 


ment in duodenal histology, but it is perhaps signi- 


Villi still short and stumpy—epithelial cells normal. 


ficant that in the two patients who did show im- 
provement, biopsies were obtained after only short 
periods of treatment. It is well known to those 
who treat these children that the diet is much more 
rigidly adhered to in the early stages of treatment 
than later when the child is well. The present 
study shows that improvement in histological 
appearances is evident quite early during treatment, 
even after only three months, at which time it may 
be as marked as after nine months. 

From the data presented in this paper it can be 
seen that in very young coeliac patients who were 
kept as rigidly as possible to a wheat gluten-free 
dietary regime, the histological appearances of the 
duodenal mucosa improved significantly. Im- 
provement was also noted in 6-year-old children 
who had had symptoms since toddler age. The 
two 10-year-old boys have not yet been re-investi- 
gated. The appearance of the mucosa in these 
older patients resembles the severity of change seen 
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in adult patients. It is well known that adult 
patients do not show such a quick response clinically 
to a gluten-free dietary regime as do young children 
(French, Hawkins and Smith, 1957). This may 
have some relationship to the fact that Rubin er al. 
(1960b) do not demonstrate significant improvement 
in biopsy specimens from older patients. Have the 
changes been present too long for much improve- 
ment in structure to take place, or will it take 
longer, or depend on the replacement of other long- 
standing deficiencies in these patients? 

Interpretation of the mechanism of the deleterious 
effect of gluten on the duodenal mucosa is still a 
matter for conjecture and no real evidence for this 
is presented in this paper. Present theories of the 
toxic mechanism of gluten in coeliac disease pos- 
tulate the production of a harmful peptide in the 
intestine due to incomplete proteolytic digestion 
of gluten (Weijers and Kamer, i955; Frazer 
1956; Alvey, Anderson and Freeman. 1957). If 
this is so, is this peptide directly irritative to the 
mucosal surface or is it absorbed, exerting its toxic 
influence generally on the patient and more par- 
ticularly on the intestinal mucosa. Anderson, 
Astley, French and Gerrard (1952a) have shown 
from barium studies that the small intestine in 
coeliac disease is dilated and lacks the normal 
fine feathery patterning of the mucosa. They have 
suggested that this may be evidence of generalized 
loss of tone in the gut wall or that the muscularis 
mucosae is hypotonic. The dilatation disappears 
on recovery and reappears during relapse. It is 
well known that the young child with coeliac disease 
shows hypotonia of skeletal musculature out of 
proportion to the degree of malnutrition and that 
the child is temperamentally depressed. These 
features also disappear with treatment. It is pos- 
sible that the harmful fraction of gluten may in some 
way cause hypotonia and that the effect of this on 
the gut is to depress the activity of smooth muscle 
and muscularis mucosae, perhaps altering the 
appearance of villi and mucosa. Verzar and 
McDougall (1936) have described and recorded the 
movements of the villi and their control by the 
muscularis mucosae. Johnson (1913) has shown, 
in animals, that when the small intestine is dilated 
the villi become shorter and blunter, the surface 
flatter and that alterations appear in the tall colum- 
nar cells. Is there villous atrophy as described by 
Shiner and Doniach (1960) or failure of formation 
of villi by alteration of villous mechanics” 

It is possible that toxic influences other than 
gluten may produce similar changes in the gut and 
mucosa. Clinically and biochemically tropical 
sprue closely resembles adult idiopathic steatorrhoea 


ARCHIVES OF DISEASE IN CHILDHOOD 


and coeliac disease, but does not respond to a 
gluten-free dietary regime (French, et al, 1957). ° 
Butterworth and Perez-Santiago (1953) among 
others, have reported similar changes in the 
intestinal mucosa in patients with tropical sprue 
but these are milder in nature, resembling the 
less severe cases in the present series, and they are 
apparently reversible. The gut in this condition 
also has the same dilated hypotonic appearance 
(Ardran, French and Mucklow, 1950). Shiner and 
Doniach (1960) have reported similar mild reversible 
changes in biopsy specimens from patients with 
post-gastrectomy steatorrhoea. Rubin etal. (1960a) 
show good evidence that this mucosal lesion is 
specific to coeliac disease and adult idiopathic 
steatorrhoea among the series of patients they 
investigated. The present study shows no evidence 
for or against the specificity of this lesion owing to 
inadequacy of material. However, biopsy material 
from children with other disturbances of gastro- 
intestinal function and motility, temporary as well 
as chronic, with or without associated malabsorption, 
must be studied before the specificity of this lesion, 
particularly in its milder grades, is unquestioned. 


Summary 


Histological changes in the duodenal mucosa in 
biopsy material obtained from 17 patients with 
newly-diagnosed coeliac disease are described. 
These changes are of a consistent pattern but vary 
in severity. 

The abnormal changes disappeared completely or 
partially in biopsy specimens obtained from all 11 
of these children who were followed during their 
first year of treatment with a diet free from wheat 
gluten. 

The histological changes in the intestinal mucosa 
of patients with coeliac disease are considered to be 
directly associated with the ingestion of wheat 
gluten. 

The histopathology of the lesion is briefly dis- 
cussed. 


Many people have helped in various phases of this 
work and to them | owe thanks: Dr. Rubin and his 
colleagues in Seattle for supplying me with an early 
model of the biopsy tube and personal instruction in the 
preparation of sections; the physicians of the Royal 
Children’s Hospital for generously referring clinical 
material; the registrars, nursing staff and radiology staff 
who have helped in obtaining the biopsies; Miss Mavis 
Freeman and the Clinical Research Unit laboratory for 
the laboratory investigations: Miss Jean Allan for 
supervising the diets; the Pathology Department tech- 
nicians for cutting and staining the sections; and lastly 
to the two pathologists, Dr. A. Williams and Dr. L. Taft, 
for reviewing the sections with me. 
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Addendum 


Since this paper has been sent to the press, Rubin, 
Brandborg, Flick, Parmentier, Phelps and Van Niel 
(1960) have demonstrated in two treated adult sprue 
patients that instillation of wheat into the ileum was 
followed by changes in the mucosa. These changes 
were those characteristic of the sprue lesion prior to 
treatment with a gluten-free diet. These authors state 
that this demonstration of intestinal mucosal damage by 
wheat implicates gluten exposure as the precursor to 
anatomic changes in idiopathic sprue. 
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Hereditary galactosaemia is now known to be due 
to the deficiency of a single enzyme, galactose-I- 
phosphate uridy! transferase* (Kalckar, Anderson 
and Isselbacher, 1956). This enzyme, the second in 
the chain of three enzymes concerned with the 
metabolism of galactose, catalyses the conversion 
of gal-I-P to G-1-P, as shown in equation (2): 


gal -+ ATP —> gal-l-P + ADP (1) 
gal-1-P + UDPG = G-1-P + UDPgal (2) 
UDPgal = UDPG (3) 









The block in galacto: se 
would be expected to. 
gal-Il-P when gala 
galactose. An accumi | his phosphate has 
been demonstrated in th rocytes of untreated 
infants suffering from galactosaemia, or in the 
erythrocytes of treated cases after incubation with 
galactose in vitro (Schwarz, Golberg, Komrower and 
Holzel, 1956; Kalckar er al, 1956). A diagnostic 
test for galactosaemia, based. on this observation, 
has been reported previously (Schwarz, Holzel and 
Komrower, 1958). | 

The intracellular accumulation of gai-1-P appears 
to lead to a serious disturbance of erythrocyte 
metabolism, as indicated by a fall in the respiratory 
rate and by a general derangement of phosphate 
metabolism (Schwarz ef al, 1956; Komrower, 
Schwarz, Holzel and Golberg, 1956; Penington and 
Prankerd, 1958). An analogous disturbance has 
been demonstrated in a mutant of E. coli deficient 
in uridyltransferase: on incubation of the culture 
with galactose, it evinces a prolonged lag phase 
before the onset of growth, which is preceded by 
intracellular accumulation of gal-1-P (Kurahashi 





metabolism at step (2) 
to an accumulation of 
ndividuals ingest 





* The following abbreviations will be used: Galactose-1-Phosphate, 
gal-1-P: Glucose-l-~phosphate, G-1-P; adenosine triphosphate and 
diphosphate, ATP and ADP: uridinediphosphoglucose or —-_galattose 
UDPG and UDPgal. 


, 1960} 


and Wahba, 1958). Recently evidence has been 
presented which indicates that gal-I-P may exert an 
inhibitory effect on a number of enzymes-—-phospho- 
glucomutase, G-6-P phosphatase and dehydro- 
genase (Sidbury, 1957; Ginsburg and Neufeld, 1957; 
Lerman, 1960). 

So far gal-1-P has been demonstrated only tn the 
erythrocytes of galactosaemic infants. The liver, 
being the main site at which galactose is normally 
metabolized, would be expected to show a similar, 
or even greater, accumulation of this phosphate. 
Theoretically, all cells of the body are endowed, 
to a greater or lesser extent, with all enzymes and 
a hereditary deficiency in one enzyme might there- 
fore make itself felt in all tissues. 

The purpose of this communication i threefold: 
to demonstrate that gal-1-P does, in fact accumulate 
in several, if not all, tissues; to draw attention to 
the value of assessing erythrocyte gal-1-P at regular 
intervals as a guide to the adequacy of treatment; 
to present an improved method for the determination 
of gal-1-P. 

The gal-1-P values reported below were obtained 
by the method published previously (Schwarz er al., 
1958). Since this method was evolved and most of 
the determinations made, pure gal-1-P has become 
available, thus permitting an assessment of the 
efficiency of its determination. Recent experiments 
have shown that the or iginal method may involve 
losses of galactose resulting from irreversible 
adsorption on, or entrainment in, the salts left after 
evaporation to dryness. To overcome this defect 
as far as possible, and still retain the specificity of 
the method accruing from chromatographic separa- 
tion of galactose from other carbehydrate or 
reducing substances, the following method has been 
devised. 

Determination of Gal-1-P 
Heparinized venous blood (about 2 mi) which may 


_ébe kept in ice (not frozen) for a few hours,.is centrifuged 


- 
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- in a conical graduated tube to separate the cells. After 
washing the cells with three changes of 10 ml. saline, the 
o cell volame is noted. 
>o The cells are lysed by shaking with two volumes of 
~ water and a liste saponin, and by freezing. To the 
-partially thawed. haemolysate three cell volumes of ice- 
< €old 20°. trichieracetic acid are added: the mixture is 
o shaken well and kept exactly six minutes in an ice bath, 
with occasional shaking; it is centrifuged for two minutes 
in ice-cold buckets and the supernatant is immediately 
poured through æ sintered glass filter. 

The filtrate, whose volume is measured, is transferred 
to a 15 cm. glass stoppered tube, containing three drops 
of 25%, barium acetate, one drop of phenolphthalein 
solution and 5 mi. ethanol, previously cooled in ice. 
A slight excess of 40%, KOH is added. It is important 
to carry out these operations quickly and to keep the 
mixture cold white the pH is acid, since the gal-1-P is 
easily hydrolysed in acid solution. The ice-cold mixture 
is acidified with the minimum amount of acid and then 
basified te a faint pink with 0-1N KOH. This solution 
is treated with four volumes of ethanol, re-neutralized if 
necessary, and kept in the refrigerator for at least two 
hours (creover right). 

The precipitated barium phosphates are spun down 
and the supernatant is rejected. 

Ice-cclc neutralized 80° ethanol (10 ml.) is added 
and the precipitate is suspended by swirling the tube and 
then allowed to settle in the refrigerator for one hour. 
After centrifugacion the supernatant is again rejected. 

The residue is treated with 1-5 ml. 0-1N HCl and the 
mixture $ immersed in boiling water and shaken to 
disperse the precipitate. The tube is stoppered (spring 
loaded) amd immersed in boiling water for 15 minutes. 

After cooling, the tube is centrifuged briefly and the 
hydrolysate is de-ionized as follows: it is transferred to 
a tube (19 x 1-5 em.) containing 0-2 g. of Amberlite 
Monobed: resin MB-1 (analytical grade), previously 
washed with several changes of boiled distilled water. 
The mixtare is shaken mechanically for 15 minutes, 
keeping the resinas far as possible near the bottom of 
the tube. After a brief centrifugation the solution is 
transferree with æ fine-tipped Pasteur pipette, reaching 
to the bottom of the tube, to a 5 ml. volumetric flask. 
The boiling tube is rinsed three times with I ml. of water, 
the separate rinsings being used to extract the resin for 
five mimres each time. The solution is transferred 
to the flask and the volume is finally made up to the 
mark. 

Two aliquots of 2 ml. are transferred to evaporating 
cups, made by cutting off test tubes of 1-3 cm. diameter 
about 2:5 cm. from the bottom. The solutions are 
evaporatec to dryness in a vacuum desiccator. 

One of the cups is rinsed round with five or six portions 
of 50%, methano! to dissolve the galactose and transfer it 
quantitatively te the starting line of a descending 
chromategram. This is run ona sheet of no. | Whatman 
paper, 58cm. long with a 10 cm. long folded strip of paper 
stapled to the bottom. Known amounts of galactose 
(5-50 ug.) are placed alongside the sample. After 
30 minutes’ equilibration the chromatogram is run for 
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16 to 20 hours in ethyl acetate-pyridine-water (70 : 25 : 20 
by vol.) at 27° C. 

After drying at room temperature, the chromatogram 
is dipped in freshly prepared benzidine reagent (0-5 g. of 
decolorized benzidine in 5 ml. glacial acetic acid and 
20 mi. acetone, to which 4 ml. 100% trichloracetic acid 
and acetone to 100 ml. is added) (Harris and MacWilliam, 
1954). The chromatogram is heated for two to four 
minutes in an oven at 100° C. until the paper begins to 
turn pale yellow. 

The amount of galactose in the aliquot used for 
chromatography is estimated visually by comparison 
with known amounts, either in daylight or in ultra- 
violet light, taking into account both the yellow colour 
(daylight) or greenish yellow fluorescence (u.v.) given 
by 0:2-10 ug. quantities of galactose, and the brown 
centres (non-fluorescent) given by larger amounts. 
The other aliquot of the de-ionized dried hydrolysate is 
available, if necessary, for making a closer assessment 
of the galactose content on the basis of the first result. 


Results Obtained by the Improved Method. In four 
experiments in which pure gal-1-P had been added to a 
normal haemolysate and glucose-1-C™ to the hydro- 
lysate, the recoveries were as shown in Table I. It 
can be seen from this Table that about 90° of the labelled 
glucose has been recovered. The loss of about 10° 
of the glucose (probably due to irreversible adsorption 
on the resin) is, presumably, paralleled by a similar loss 
of galactose. A recovery of 90% is thus the best of 
which the method is capable. The maximum error 
involved in the visual assessment of galactose on the 
chromatogram is of the order of 10%. The over-all 
accuracy of this method can be considered adequate 
for the purpose of routine checks of erythrocyte gal-1-P 
levels. 





TABLE 1 
PERCENTAGE RECOVERY OF ADDED GAL-1-P FROM 
HAEMOLYSATE 
Experiment Glucose-1-CU Gal-I-P 
il akin aie 93-f 100 
2 90-2 92 
3 91-2 84 
4 88-8 100 





Untreated Cases 


Table 2 shows the gal-1-P levels found in un- 
treated cases, aged 10-28 days, and in a patient of 
4} months after eight days on a milk diet. (The 
results reported below were obtained by the original 
method of Schwarz et al. (1956) as indicated in the 
introduction and are liable to be somewhat too low.) 

With the exception of L.B. (whose clinical record 
was not available), the values are between 300 and 
400 vg./ml., irrespective of age. This suggests that 
the galactose phosphate level may tend to a maxi- 
mum attained after prolonged exposure of the cells 
to galactose. 
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TABLE 2 — 
GAL-1-P IN UNTREATED CASES. 
— , 
Patient Age l Gal-1-P 
l | (ue jmi. cells) 
| seramentu maene e e | amann nannan mamana 
Susan B | id weeks 360 
S.B. 3 weeks ; 330 
M.C. | 4 weeks | 300 
L.B. 3 weeks(7) | 130 
AJ. 43 months ro 400 





Effect of Treatment 


Fig. 1 shows the rate of progress of three infants. 
One of these (B.J.) was diagnosed at three days 
and was fed no milk from birth. Her cord blood 
contained 50 ug. gal-1-P/ml. cells, which must have 
been formed in utero. E 

After treatment for varying periods, the level of 
intracellular gal-1-P presumably depends on the 
galactose content of the diet. The scatter diagram 
(Fig. 2) shows the values obtained in 36 determina- 
tions on 13 patients and five normals. It can be 
seen that normal values are. ‘substantially less than 
the lowest found in treated galactosaemic infants. 


Gal-1-P in Other Tissues 

Organs from two infants. who died from galacto- 
saemia before the diagnosis. could be made, were 
obtained at necropsy. In one case (M. C.) the 
material did not become av lable. for analysis until 
several days after necropsy, having been left at 
room temperature in the meantime. The gal-1-P 
levels are, therefore, of no more than qualitative 
significance. The results e shown in Table 3, 
from which it is clear that. gal- 1-P might reasonably 
be expected to accumulate in. all tissues of the body. 

A biopsy specimen of. liver. taken at laparotomy 
from a patient in whom haemolytic disease of the 
newborn as well as other complicating factors were 
present in addition to galactosaemia, contained 
50 ug. gal-1-P/g. after four months of treatment. 
The galactose phosphate level in the erythrocytes 
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Fic. -Change in gal-I-P levels during treatment. 
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Fic. 2.—-Erythrocyte gal-1-P in treated patients.  & badicates blood 
analysed shortly after exchange transfusion, hence low gal-1-P levels 
do not reflect adequate treatment. ` 


GAL-I-P IN ORGANS 
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Discassion 


There i is now considerabl 3 
by interfering with the n bolism of the . 
cell, may be responsible | fo clinical manifesta- 
tions of galactosaemia. ‘The: dei onstration that 
the phosphate a accumulates in a variety. of tissues of 

: emi | contains galactose, 
7 e symptoms. Even — 
damage from the . 








ce that. gal-1-P, o 















if all tissues are Viable to Sates fer 
accumulation of the ‘toxic’ phosr ite, in some the 
existence of sufficient fur tional reserve would ~ 
prevent this damage. from manifesting itself clinically. — 

It may be mentioned here that Schwarz and 
Golberg (1955) showed that the lens capsules and 
epithelia of rats suffering from galactose cataract 
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"contained approximately 170 ug. gal-1-P/g., whereas 
* non-cataractous lenses of galactose-fed animals 
contained not more than 0-1 of this amount. 
< Recently, Lerman (1960) has shown that an in- 
< hibition. ef lentieular G-6-P dehydrogenase and of 
lucose catabol: sm is demonstrable two to four days 
-after instituting a high galactose diet, and that the 
- ATP content of the tissues drops to very low levels. 
- This interference with normal metabolism might 
well result frome the accumulation of gal-1-P and 
i probably accounts for the gradual opacification. 
If ene accepts the premise of the ‘toxic’ nature of 
galactose phosphate, the question arises at what 
concentration this substance begins to exert its 
_ deletericus effect on cellular metabolism. Un- 
fortunately, it is not yet possible to offer an answer, 
since it is difficult to simulate intracellular conditions 
in vitro. In ery hrocytes a gal-1-P concentration 
of 150 pæ/ml. was found to inhibit cellular respira- 
tion by 30° Schwarz et al., 1956), but other, 
~ metabolically m mere active, cells might be more or 
less affected by such levels. It was pointed out, 
in comnexion with Table 2, that in untreated cases 
the galactose phosphate concentration rises to what 
appears te be a maximum of 300-400 ug./ml. Since 
this level: would be reached quite rapidly (12-16 
hours. i the presence of sufficient galactose to 
saturate the enzyme) (Kalckar ez al., 1956), it seems 
that the accumulation of the phosphate is self- 
limiting, Le. analogous to the well-known product 
inhibition: of hexokinase. 

Since itis not known what constitutes a ‘safe’ level 

of intracellular galactose phosphate and since both 
its rate of formation and its rate of removal may be 
different in each issue, the determination of galac- 
tose phosphate ` erythrocytes can probably furnish 
ono mere than ar indication of whether the general 
‘tissue level is rising. or falling. On the single 
‘occasion when a. ‘biopsy specimen of liver could be 
vexamined,. the galactose phosphate level was close 
to that ia the erythrocytes, but in the necropsy 
specimens: the levels. differed considerably. 
The presence of a fairly substantial amount of 
gal- 1-P inthe cord blood of a galactosaemic infant 
raises the question of the mother’s diet during 
pregnancy. In «the case recorded no galactose 
could be detected chromatographically (i.e. less 
than 5 mg. °)-in the mother’s venous blood on 
two occasions after the consumption of one pint 
of milk. From. this one may infer that the galactose 
phosphate had aecumulated in the foetal tissues by 
“prolonged exposure to small amounts of galactose 
“transferred across the placenta. 

From the results presented in this paper and from 
clinical fi 

































findings reported previously (Komrower 
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et al., 1956), it is clear that, ideally, the galacto- 
saemic infant should be provided with a completely 
galactose-free diet. In practice such treatment is 
fraught with difficulties due both to the wide dis- 
tribution of galactose and to the degree of con- 
scientiousness required on the part of the mother. 
It should be emphasized here that many foods 
contain galactose in the form of «-galactosides 
(lactose is a §-galactoside) which may not be 
hydrolysed to free galactose in the intestinal tract. 
But until it is known for certain that no galactose 
is liberated either by the digestive enzymes or by the 
intestinal flora, foods containing «-galactosides 
should be avoided (Schwarz, Holzel, Stapleton and 
Goodell, 1959). 

In view of the practical difficulties associated with 
the diet, regular assessment of the gal-1-P level in 
the erythrocytes constitutes a ready, and indeed the 
only, means of checking the adequacy of the diet, 
from the point of view of exclusion of galactose. 
The disappearance of frank symptoms is probably 
not a reliable indication that treatment is adequate 
and successful, especially as the developing nervous 
system may be more sensitive than other tissues to 
a slight but persistent interference with normal 
metabolism. 

Final judgment on the effect of ingesting small 
amounts of galactose and consequent accumulation 
of the phosphate in the tissues has to be deferred 
until more information is available on the maximum 
level which can build up in the cell without inter- 
fering with metabolism. It is, however, well to 
consider that a uniform distribution of gal-1-P in 
the total intracellular water corresponding to a level 
of 150 ug./ml. erythrocytes, which is known to affect 
erythrocyte metabolism, would be equivalent to 
about 400 mg. of galactose for a 7 kg. infant. 
Since a much lower concentration of the phosphate 
might turn out to be damaging, it will be appreciated 
that the amount of galactose involved is quite 
small. Thus, a ‘low lactose’ milk, claimed by the 
manufacturers to contain, in the reconstituted con- 
dition, not more than 0:012% galactose, i.e. 
equivalent to 400 mg. in 34 litres., would supply what 
might be a highly toxic dose in a few days. 

It should, however, be emphasized that apart 
from the gaps in our knowledge of the degree of 
toxicity of gal-1-P and of the rate of accumulation 
in different tissues, there is bound to be a con- 
siderable variation from one individual to another, 
due to the variability of such factors as rate of 
absorption, renal efficiency and, above all, a residual 
capacity to metabolize galactose by the usual or an 
alternative pathway ([sselbacher, 1957). In con- 
sequence it is impossible to dogmatize on the 
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precise significance of particular galactose. phos- 
phate levels. Until the gaps in our understanding 
are closed, a cautious approach is indicated. 


Summary 


Hereditary galactosaemia is characterized by a 
deficiency of the enzyme galactose phosphate 
uridyltransferase, which catalyses the conversion of 
galactose-1-phosphate to glucose-l-phosphate. The 
deficiency leads to an intracellular accumulation of 
gal-1-P when the patients diet contains galactose. 
There is evidence indicating that this phosphate 
inhibits a number of enzymes and that by these, 
or other, means it interferes with normal cellular 
metabolism. 

Analysis of necropsy material has shown that 
galactose phosphate is deposited in several, if not 
all, tissues, thus probably accounting for the diverse 
ill-effects constituting the galactosaemic syndrome. 
The determination of gal-I-P in the erythrocytes 
affords a ready means of assessing the adequacy of 
treatment, of which the disappearance of frank 
symptoms is an insufficient guide. The amounts 
of galactose potentially capable of damaging cellular 
metabolism are quite small. This fact and the wide 
distribution of galactose impose a heavy burden 
on the galactosaemic patient’s mother and clinician 
alike, thus rendering a regular check by galactose 
phosphate determination desirable. 

An improved method for the estimation of 
galactose phosphate in erythrocytes is presented. 
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art rl m ENT OF ENCEPHALOTRIGEMINAL ANGIOMATOSIS 
E-WEBER DISEASE) BY HEMISPHERECTOMY 


RUSHWORTH 


From the Guy’s-Maudsley Neurosurgical Unit, London 


Encephalotrigeminal angiomatosis or Sturge- 
Weber's disease is an uncommon congenital dis- 
order which can vary greatly in the extent of its 
manifestations, but which in severe cases can lead 
to infantile hemiplegia associated with fits, be- 
_havioural disorders and mental backwardness. 
Until comparatively recently specific therapy was 
largely limited to anticonvulsant drugs. Only a 
few isolated reports of surgical intervention have 
been recorded. The purpose of this paper there- 
fore is tc describe the findings and results of surgery 
in five consecutive patients with infantile hemiplegia 
treated by hemispherectomy and since followed up 
for frem three to eight years who improved as 
regards epilepsy and personality disorders, although 
not as regards hemiplegia. A preliminary report on 
the first two of these cases has already been presented 
(Polani, 1952). - 

Excellent reviews of the clinical manifestations 
and pathogenesis of the condition have recently been 
given by several authors (Medoc, Sotelo, Arana 
lftiquez and Estable Puig, 1953-1954; Lichtenstein, 
1954; Wokiwill and Yakovlev, 1957; Norman, 1958: 
Peterman, Hayles, Dockerty and Love, 1958). 
The essential lesion appears to be a venous angio- 
matosis of the leptomeninges generally over one 
cerebral hemisphere, most often in the posterior 
parietal and occipital regions, associated with a 
port-wine naevus of the skin of the face in the 
territory of one or more divisions of the trigeminal 
nerve, on the same side of the body. Occasionally 
both cerebral hemispheres are involved, and the 
cutaneous naevus may also be in other parts of the 
body. In all cases the affected areas of cortex 
become atrophic with the deposition of calcium 
and ferruginous naaterials that give rise to a charac- 
teristic eurvilinear appearance on radiographs. 
Other lesicns that may be present include angioma 
of the choroid of the eye and ipsilateral buphthalmos 
or glaucoma. Dural and diploic vascularity is 
exceptiona’. 

The first recorded case description is that of 
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Rudolf Schirmer (1860) who described a 36-year-old 
patient with an extensive naevus involving both 
sides of the face, left more than right, as well as 
the chest and abdomen. He did not mention any 
neurological features, but pointed out that the 
patient’s left eye protruded, and that there was 
hydrophthalmos and varicosities of the retinal 
veins. Allan Sturge (1879) demonstrated to the 
Clinical Society of London a girl of 64 years of age 
who had an extensive ‘port-wine mark’ over the 
right side of the head and face with enlargement 
of the right eye and vascular changes in the choroid. 
He inferred that her left-sided fits were caused by a 
similar vascular lesion of the right side of the brain. 
Kalischer (1897) gave the first autopsy report of 
this condition. He (1897; 1901) described an 
extensive telangiectasis of the scalp and the surface 
of the brain, all on the same side. He did not, 
however, observe any calcification, presumably 
because his subject was only 14 years old. Hebold 
(1913) was the first to note the cerebral calcification, 
but did not determine its precise situation. How- 
ever, Weber (1922; 1929) was the first to publish 
a radiograph of the double curvilinear shadows 
that outline the sulcal pattern, although according 
to Krabbe (1934) Wissing, in 1921, had demon- 
strated these features to the Radiological Society 
of Copenhagen. It was Krabbe (1934) himself 
who demonstrated that the calcium deposits occurred 
within the cortex and not in the angiomatous vessels. 
Dimitri (1923), from the Argentine, also published 
an early description of the radiological appearances. 

By this time the essential features of the disease 
were all recorded, but there has been some difference 
of opinion over nomenclature. ‘Sturge-Weber 
disease’ or ‘Sturge-Weber syndrome’ have become 
sanctioned by usage, although Weber (1936) dis- 
claimed the use of his name and suggested that it 
be called ‘Sturge-Kalischer disease’. It has also 
been called ‘Krabbe’s disease’, and ‘Sturge-Weber- 
Dimitri disease’ (Lichtenstein, 1954), and ‘Sturge- 
Weber-Krabbe’s disease’ (Krayenbiihl, Yasargil and 
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Uehlinger, 1957). Of the non-eponymous terms 
‘encephalotrigeminal angiomatosis’ or ‘meningo- 
facial angiomatosis’ seem the most accurate. In 
making the diagnosis it must be remembered that, 
like most congenital malformations, the syndrome 
may be incomplete. It is therefore advisable to 
limit the definition of Sturge-Weber disease to cases 
showing at least two of the major signs, such as 
facial naevus combined with either intracranial 
angioma or with angioma of the choroid of the 
eye (Poser and Taveras, 1957; Norman, 1958). 
This rules out many superficially allied conditions 
such as spinal cord angiomas with cutaneous naevi 
of metameric distribution, cutaneous naevi with 
cerebellar symptoms, and the familial non-calcifying 
meningeal angiomas (Norman, 1958), and also the 
cerebral calcification epilepsy of Geyelin and Penfield 
(1929). 


Technique of Hemispherectomy in 
Sturge-Weber Disease 


As all the cases in our series were operated upon in 
the same way, it will be convenient to outline the surgical 
technique used before proceeding to the case reports. 
To Krynauw (1950) must be given the credit for intro- 
ducing, on a sound and systematic basis, the operation 
of hemispherectomy as a method of treating epilepsy and 
behavioural disorders in patients with infantile hemi- 
plegia from various causes. The technique advocated 
by him, which has been followed by others (Cairns and 
Davidson, 1951; Gros, 1951; McKissock, 1953 and 1954), 
was to remove the cerebral hemisphere in segments. 
Obrador Alcalde (1950 and 1952), however, removed the 
affected cerebral hemisphere in one piece, and a similar 
technique was employed in all our cases. This tech- 
nique stems from the original work of Dandy (1928), 
who first removed the cerebral hemisphere of a patient 
because of a glioma, and has since been adopted by 
others (Gros and Vlahovitch, 1954; French, Johnson, 
Brown and Van Bergen, 1955). 

All our operations were performed under general 
anaesthesia without the use of hypothermia or of arterial 
hypotension. A large fronto-temporo-parietal crani- 
otomy is turned extending medially from the midline 
to the floors of the anterior and middle cranial fossae 
laterally. The scalp incision is outlined in Fig. 5. 
Beneath it the bone flap is cut and pedicled on the tem- 
poral muscle. The dura is then opened in such a way 
that it can be sutured later. After the preliminary 
inspection of the hemisphere the first step in the excision 
is to elevate the frontal lobe and open up the inner part 
of the sylvian fissure so that the middle cerebral artery 
can be clipped and then divided just distal to its central! 
perforating branches. This step lessens subsequent 
bleeding. 

Attention is then turned to the region of the sagittal 
sinus, and the veins entering it from the superior margin 
of the hemisphere are coagulated and divided from 
before laterally. This enables the hemisphere to be 
retracted from the falx, exposing the mesial surface of 
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the opposite cerebral hemisphere, the corpus callosum 
and the two anterior cerebral arteries. The ipsilateral - 
anterior cerebral artery can then be divided a little distal 
to the anterior communicating artery, while the ipsi- 
lateral edge of the corpus callosum is then incised from 
its genu anteriorly to its splenium posteriorly so exposing 
the interior of the lateral ventricles. Retraction of the 
hemisphere permits the caudate nucleus to be identified, 
and separation of the hemisphere from the basal ganglia 
and thalamus is commenced by dividing the cerebral 
substance along the lateral edge of the nucleus towards 
its tail. This cut is extended until the temporal horn is 
laid open. The <urgeon then returns to the genu and 
after dividing the rostrum of the corpus callosum, he 
divides the fronial cortex immediately in front of the 
chiasm and optic nerve, so opening into the:cut through 
which the middle cerebral artery was severed. This is 
then extended subpially along the infero-medial temporal 
border removing the uncus and hippocampus, the free 
edge of the tentorium being followed, and the posterior 
cerebral artery being severed. The penultimate stage is 
now reached whereby the cortex and white matter of the 
isthmus of the limbic lobe is divided right through 
from the trigone of the lateral ventricle to the tentorial 
opening. The last stage of removal is undertaken by 
dividing the veins which pass from the occipital pole to 
the various venous sinuses. Finally, the choroid plexus 
is coagulated to prevent excessive cerebrespinal fluid 
formation, as so much of the absorbing area has been 
taken away with the resected hemisphere. The dura is 
then closed and the cavity filled with Ringer’s solution. 
The bone and scalp flaps are replaced. 

A blood transfusion is given during the operation. 
Recovery is usually rapid. The only complication 
encountered in this series was an indolent infection in 
Case | of the large dead-space between the sutured 
dura and the skull. This was controlled by antibiotics 
and eventually cured by removing a smal: sequestrum 
that had formed at the centre of the inner table of the 
skull. In two hemispherectomies for infantile hemi- 
plegia for other lesions, one of us (M.A-P.) has also 
encountered the complication of a communicating 
hydrocephalus involving the operative cavity with the 
ventricular system and spinal subarachnoid space. It 
appears to be due to the brain-stem shift described by 
Cabieses, Jeri and Landa (1957), and in both cases was 
relieved by reopening the craniotomy and dividing the 
tentorium cerebelli so relieving the upward thrust of 
the midbrain and cerebellum. This complication 
occurred even though the choroid plexus had been 
coagulated. | 

Removal of the cerebral hemisphere in the manner 
described is no more difficult than the technique em- 
ployed by Krynauw, and has the advantage of procuring 
a specimen that is intact. 


Case Reports 


Case 1. R.D., 34 years of age, was referred by 
Dr. P. R. Evans. This boy was born with a left facial 
naevus. Seizures started at the age of 4 months, and 
were characterized by clonic movements of the right 
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limbs, and deviatien of the head and eyes to the right. 
*At first they occurred in clusters every day for a week, 
followed b periods of freedom of up to four months, 
but later, m spite of intensive medication with pheno- 
barbitone, potassium bromide and phenytoin, they 
occurred several times daily. Weakness of the right 
arm and am extensor plantar response were first noted 
when he was 13 months old, but radiographs of his 
skull at thet time were reported to be normal. although 
encephalography showed a shrunken left hemisphere. 
An artericgram was also said to be normal. There 
were no temper tantrums, but he was sullen, moody 
and irritabie. 


EXAMINATION. He was small, pallid and under- 
developed; he was very backward, and could only utter 
a few words; he understood simple commands and 
could point out objects. The naevus was patchy and 
involved the ophthalmic and maxillary divisions of the 
territory of the left trigeminal nerve (Fig. 1). No bruit 





FiG. 1.—Case 1, before operation, showing characteristic naevus 
which has been partially bleached by past applications of carbon 
dioxide snow. 


was heard ever the skull. The optic fundi were normal. 
A right hemonymous hemianopia was demonstrable 
by menace. There was a right-sided infantile hemiplegia 
characterized by seme wasting and shortening of the 
limbs with spastic weakness; this weakness was slight 
in the lower face Motor power at the shoulder and 
elbow was reduced about 50%. He could grip feebly 
with his fimgers, dut could not extend his right wrist 
or fingers. The weakness was less obvious in his right 
leg where he coud dorsiflex his ankles and move his 
toes. The endon jerks were increased in right arm and 
eg, and the right plantar response was extensor. He 
‘esponded equally to pinprick on both sides of the body. 
He walked cnly with great difficulty. The left limbs were 
10rmal. 
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INVESTIGATIONS. Skull radiographs showed gross 
reduction in size of the left half of the cranial cavity, 
while the sulcal pattern of practically the whole of the 
left cerebral hemisphere (except for the frontal region) 
was outlined by the characteristic double-paralleled, 
sinuous, curvilinear lines (Figs. 2 and 3). Pneumo- 
encephalography showed that the ventricular system 
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FIG. 2.—Case 1, straight lateral radiograph of skull, showing charac- 
teristic calcification. 
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FiG. 3.—Case 1, antero-posterior air encephalogram, showing 


smallness of left cerebral hemisphere. 
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was of normal size and shape, although displaced to the 
left because of the atrophy of its left cerebral hemisphere. 
Electroencephalography disclosed greatly diminished 
activity over the left cerebral hemisphere without definite 
spiking or other epileptic activity. 


OPERATION. A large left-sided craniotomy was per- 
formed on August 15, 1951, under general anaesthesia. 
The whole convexity as seen through the craniotomy 
appeared red and congested with a fine network of small 
blood vessels closely meshed. These tiny blood vessels 
were in the subarachnoid space and they, together with 
cerebrospinal fluid, had elevated the arachnoid off the 
cortex so that at first the sulcal pattern could not be 
discerned (Fig. 4). When, however, the arachnoid 





Fic. 4.—Case 1, operative appearances of left cerebral hemisphere 

as seen from the head of the operating table. Notice that whereas 

the pia-arachnoid alongside the superior longitudinal sinus is still 

lifted off the cortex, the convolutional pattern over the convexity 

of the cortex is becoming apparent as cerebrospinal fluid drains 
away from the sulci. 


was pressed upon firmly with a glass slide, the subarach- 
noid spaces emptied so that one could see pale cortex 
between the interstices of the vascular metwork. The 
network itself did not blanch. Later this network was 
found to involve the whole surface of the left cerebral 
hemisphere on its medial and inferior aspects as well as 
over the convexity. The whole left hemisphere except 
for its thalamus and caudate nucleus was then removed 
in one piece. The patient stood the operation well. 
His immediate recovery from operation was excellent 
(Fig. 5), but six weeks later a low intermittent pyrexia 
commenced. An abscess appeared under the scalp 
and was controlled by aspiration and antibiotics. There 
remained a residual discharging sinus in the temporal 
fossa which did not finally heal until a small sequestrum 
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was removed from the inner table at the eentre of the 
bone flap one year after the original operation. 


PATHOLOGY. Photographs of the specimen after opera- 
tion gave a poor impression of the vascularity of the 
subarachnoid network (Fig. 6). but a radiograph showed 
the characteristic double curvilinear lines with great 
clarity (Fig. 7). The specimen was preserved in the 
Gordon Museum, Guy’s Hospital, after two blocks 
had been taken for histological examination. Dr. 
A. L. Woolf subsequently reported on these blocks 
as follows: 


‘The pia arachnoid was extremely vascular, the 
vessels resembling arterioles and venules, but in both 
cases having an unusually thick collagenous coat 
(Fig. 8). This coat was rich in fibroblasts. The 
arterioles had a well-marked muscular media. Occa- 
sionally this muscular coat was very thick indeed. 
Deep to the pia was a thick feltwork of glial fibres. 
In the cortex itself loss of nerve cells was confined 
to perivascular clearings, but there was much gliosis. 
There was no increase in microglia. There were very 
numerous calcospherites throughout the cortex and 
white matter of the occipital lobe, but an origin in 
calcified blood vessels could not be definitely shown. 
The capillaries in the cortex were increased in pro- 
minence and some had unduly thickened walls. Calco- 
spherites were less numerous in the frontal lobe.’ 


ProGress. He has since been followed for over eight 
years, and has been completely free of fits and no anti- 
convulsant medication has been administered during 
that time. For the past three years he has been attending 
a school for physically handicapped children. He plays 
well with other children, and is not unduly aggressive or 
timid. Mentally, he is backward, but he is educable 
and interested in what goes on. He can read and write 
simple words and perform simple arithmetic, but his 
mental age is probably 7 years (Schonell R.; age 6 years 
10 months, when actually 11 years old—D. Shalman). 
He has a right homonymous hemianopia. The right 
arm is held with the wrist flexed. He has good move- 
ments at the shoulder and a useful grip in the right hand 
which he uses to steady objects. The right leg is 2 cm. 
shorter than the left, and although the leg is generally 
weak, he can walk with surprisingly little limp. The 
degree of hemiparesis has not been altered by operation. 
He was reported by his school teacher to be ‘sociable 
and affectionate’. 


Case 2. A.McK., 6 years of age, was referred by 
Dr. P. R. Evans. This girl was born with a port-wine 
stain of the left side of her face and scalp. She appeared 
otherwise normal until the age of 3 months when she 
began to have seizures involving the right side of her 
body. At first these were severe and frequent, lasting 
up to 10 minutes, and not responding noticeably to 
phenobarbitone. Generalized convulsions occurred at 
times. In her first two years of life she also had six 
separate attacks of pneumonia. Investigation elsewhere 
by left carotid arteriography was said to be normal, 
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FIG. 5.—Case 1, appearances of wound 15 days after operation, 





Fic. 6.—Case L lateral wew of the resected hemisphere after excision 
to bescontrasted with Fig. 4. 


while pneumoencephalography showed gross atrophy of 
the left cerebral hemisphere. There was no mention 
of cerebral calcification. By the age of 18 months it 
was evident that her right limbs were weak and spastic, 
and by the age of 6 years her fits had become milder and 
would oftem only involve the right limbs without loss of 
consciousness. However, she would then average two 
to three attacks per week in spite of sedation with various 
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FiG. 7.—Case 1, radiograph of resected specimen after removal of 
two biocks for histological examination. 





FiG. 8.—Case 1, 


photomicrograph showing numerous abnormal 
arterioles and venules in leptomeninges and also in outer layers of 


cortex. Cresyl violet x 41, 


anticonvulsant drugs. She did not talk until she was 
2 years old, nor walk until she was 4 years. At 6 years 
she could say only a few simple words, and recognize and 
sing simple nursery tunes. Her behaviour had recently 
begun to deteriorate. She would fly into tempers if 
thwarted or disappointed, and in these tantrums she 
would scream, stamp and throw things around for periods 
of up to half an hour. 


3B 
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Fic. 9.—Case 2. photographed 15 days after operation to show extent 
f srap 


of naevus as well as the scalp incision. 


EXAMINATION. She was thin and undersized. The 
telang ectasis involved the left side of her face in the 
distribution of the upper two divisions of the trigeminal 
nerve (Fig. 9). She spoke in simple words and was not 
dysphasic. Her mental age was between 2 and 3 years 
(E. Norman). Her optic fundi were normal, but she 





ARCHIVES OF DISEASE IN CHILDHOOD 


showed a right homonymous hemianopia. There was 
an inconstant divergent strabismus. The right lower e 
face was weak. The right arm was somewhat wasted 
and spastic, and about 3 cm. shorter than the left. It 
was held flexed at the elbow. forearm hyperpronated, 
and with wrist and fingers flexed. Proximal movements 
were better preserved than distal, and she eould abduct 
the shoulder against gravity, but her hand grip was 
feeble. The right leg was 4 cm. shorter than the left 
with a spastic talipes equino-varus deformity. Muscle 
power was greatly diminished in all groups, but she 
could walk and even run unassisted althəugh with a 
limp. She reacted equally to pinprick on both sides 
of the body. 


INVESTIGATIONS. These were similar to those of 
Case 1. Radiographs of the skull showed that the left 
half of the cranial cavity was smaller than the right 
with extensive sinuous calcification of the left hemisphere 
(Fig. 10). On pneumoencephalography ne air entered 
the ventricular system, but there was an extensive 
accumulation of subarachnoid air on the left side. 
Electroencephalography under seconal sedation showed 
absence of activity over the whole of the lefi hemisphere. 
No epileptic discharges were seen. 


OPERATION. This was performed on April 1, 1952. 
The procedure and the appearances were similar to those 
observed in Case 1. Immediately on recovery from the 
anaesthetic, the condition of the right limbs was found 
to be unchanged. Her postoperative recovery was 
straightforward. 

The 


and radiographic 


macroscopic 


PATHOLOGY. 





Fic. 10.—Case 2, straight radiographs showing characteristic calcification together with atrophy of left cerebral hemisphere. 
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appearanees of the specimen were similar to Case 1. 
* Dr. Barbara Sm th reported as follows: 


‘The pia-arachnoid was thickened and contained a 
collectien of abnormal vessels (Fig. 


11). In the 





Fic. 11.—Case 2, photomicrograph showing thickened and abnor- 
mally vascular leptomeninges overlying an area of cortex which is 
gliotic anc contairs scattered calcospherites. Cresyl violet x 26. 


occipital block there was very marked subpial gliosis. 
This was less apparent in the frontal region. There 
were am increased number of astrocytes in the grey 
and waite matter. Some of the pyramidal cells 
especially in the third layer appeared shrunken. Calco- 
spherit@ were scattered throughout the cortex and 
white matter.’ 


ProGress. She has since been observed for seven 
and a haf years, and during that time has been com- 
pletely free of seizures. Although rather excitable, she 
is good at home and has no behaviour disorder. She 
remains, &owever, very backward although educable. 
Her mental age at 7 years 4 months on the Merrill- 
Palmer scale was 3 years 11 months, i.e. 1.Q. 53 (E. 
Norman). At I3 years her mental ability as judged by 
reading primers, was 7 to 8 years. She attends a special 
school, amd has participated in television performances. 
The hemicaresis and hemianopia are unchanged. She 
can appreciate light touch and pinprick equally on both 
sides, but two-point discrimination and postural sen- 
sibility is 2rossly impaired on the right side. 


Case 3. S.W., 34 years of age, was referred by Dr. 
P. R. Evans. This girl was born with a naevus of the 
right foresead. Starting at the age of 3 weeks, she had 
a series cf fits in which she would become rigid and 
cyanosed for a ‘ew seconds. These jts kept recurring 
two to six times daily for a period of three weeks, and 
have not since recurred. When she was 12 months old 
it was first noticed that she was liable to burst into 
screaming attacxs. These attacks occurred whenever 
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she craved attention, and once she received this she 
quietened down. In the tantrums she would frequently 
bang her head on the floor. At the age of 18 months 
her left limbs were first noticed to be weak, and sub- 
sequently the weakness gradually became more pro- 
nounced. She sat up at the age of 15 months, and 
walked at 2 years. Hemispherectomy was first considered 
when she was 18 months old, but as she was free of fits, 
it was decided to wait. However, her personality dis- 
order and temper tantrums became so marked that she 
was almost unmanageable. She was, therefore, admitted 
at the age of 34 years for operation. 


EXAMINATION. She was a thin, irritable girl, who 
could, however, be pleasant when she was allowed to 
have her own way. There was a naevus of the right 
forehead in the distribution of the ophthalmic division 
of the trigeminal nerve (Fig. 12). The optic fundi were 
normal, but there was a left homonymous hemianopia. 
There was also a left infantile hemiplegia of marked 
degree. The left limbs were a little shorter and smaller 
than the right. The left arm was held across the chest 
with the fist clenched and the elbow flexed to a right 





Fic. 12.—Case 3 before operation in a temper tantrum. 


angle. She walked with a spastic left foot drop. Psycho- 
logical testing showed that her mental age on the Merrill- 
Palmer scale was 2 years and her intelligence quotient 
was 56 (Stanford Binet Form L.—Miss M. Newell). 


INVESTIGATIONS. Skull radiographs showed the right 
half of the cranial cavity to be smaller than the left 
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FiG. 13.—Case 3, radiographs showing characteristic calcification and right cerebral atrophy. 


with extensive calcification in the right cerebral hemi- 
sphere of characteristic Sturge-Weber type (Fig. 13). A 
seconal E.E.G. record showed almost total absence of 
rhythmic activity over the right hemisphere with normal 
sleep rhythms on the left. There was no epileptic 
activity. 





Fic. 14.—Case 3, 17 months after operation. 


OPERATION. A right lateral craniotomy was performed 
on March 30, 1954, with similar findings to the preceding 
cases. The whole right cerebral hemisphere presented 
a typical telangiectatic blush with a fine network of 
venous angiomatous vessels in the leptomeninges. The 
right hemisphere was removed in one piece except for 
its basal ganglia. The postoperative recovery was 
smooth. 


PATHOLOGY. The macroscopic and radiographic 
appearances of the specimen were similar to those of the 
preceding two cases, but unfortunately the specimen was 
subsequently mislaid and no pathological studies were 
made. 


PROGRESS. Since then her progress has been reason- 
ably good, although she has functioned at a defective 
level. She has had no fits and no temper tantrums and 
her parents describe her behaviour as satisfactory. 
At the age of 5 years (Fig. 14) the Stanford-Binet Form L. 
gave her mental age as 34 years and her I.Q. as 63. 
Since then she has made reasonable progress at school, 
and now, at the age of 84 years, can just read and write. 
Her left upper limb has remained very weak and is held 
flexed across her chest as before without any useful 
grip in the left hand. The left leg showed very little 
weakness, and the gait was only slightly abnormal. 
A number of tenotomy operations have been performed 
to correct a talipes equinus. Her present full scale 
intelligence quotient on the W.I.S.C. scale is 75 (D. 
Shalman), and she is attending a school for educa- 
tionally subnormal children (Dr. A. C. Blandy). 


Case 4. G.L., 16 years of age, was referred by Dr. 
N. Acheson. This youth, the eldest patient in our series, 
was born with a naevus covering most of the left face, 
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patchily ever much of his body on the left side and to a 
slighter extent on the right side. A right hemiparesis 
was notec in early infancy. From the age of 4 months 
onwards he exhibited frequent epileptic attacks in which 
he rubbec his hands together, had slight twitches of his 
limbs, and was out of contact for one to two minutes. 
From the age of 14 years he had major convulsions 
lasting three to five minutes and recurring every four to 
six weeks in spite of medication. He had always been 
mentally defective and aggressive, and in recent years 
had exhibited frequent temper tantrums. His parents 
assessed his mental age as 4 to 5 years, and treated him 
as such. He wet his bed most nights. 


EXAMINATION. He was small (5 ft. 2 in.) and under- 
developed. The naevus was extensive not only over the 
left face (Fig. 15), but over much of his body as well 
(Fig. 16). The left retina was a deeper red than the right 
and the left eyeball was bigger than the right. However, 
he appeared to see equally well with each eye, although 
a right homonymous hemianopia was present. A 
typical right-sided infantile hemiplegia was present with 
shortened spastic right limbs. His speech was limited 
to simple sentences, but he could neither count beyond 
10 nor tell the time on a watch. He named common 
objects corsectly. He stood in a stooped position and 
limped when he walked. His secondary sexual develop- 
ment seemed normal. An attempt was made to assess 
his intelligence quotient, but he proved untestable 
(Dr. V. Meser). 





Fic. 15.—Case £, showing left facial naevus and left buphthalmos. 
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FiG. 16.—Case 4, showing patchy naevus over trunk. 


INVESTIGATIONS. Skull radiographs showed a clear 
hemicranial atrophy with several large irregular blobs 
of calcification scattered throughout the left cerebral 
hemisphere (Fig. 17). Only in the occipital region could 
the double curvilinear lines which are more characteristic 
of Sturge-Weber disease be discerned. Pneumo- 
encephalography disclosed a normal-sized ventricular 
system with, as in Case 1, considerable pooling of air 
in the subarachnoid spaces over the left cerebral cortex. 
The electroencephalogram showed almost complete 
absence of activity over the left hemisphere with normal 
alpha activity on the right side. No epileptic activity 
was seen in the routine records, but in a special study 
employing sphenoidal electrodes and thiopentone 
narcosis (Pampiglione and Kerridge, 1955) an active 
focus of spike discharges, both surface-negative and 
surface-positive was seen at the right sphenoidal area. 
We presumed, on clinical grounds, that this focus was 
being paced from the left side. 


OPERATION. A left-sided craniotomy, performed on 
March 9, 1956, revealed an extensive angiomatous mal- 
formation of the Sylvian veins extending 6 cm. by 3 cm. 
(Fig. 18). The subarachnoid spaces over the rest of 
the hemisphere were covered with a close network of 
finer veins. Electrocorticography revealed a surprising 
amount of irregular slow-wave activity in the diseased 
hemisphere. The entire hemisphere except for its basal 
ganglia was then removed in one piece without much 
difficulty. 
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Fic. 17.—Case 4, radiographs showing 


PATHOLOGY. Dr. Barbara Smith reported that two 
blocks of cortex showed ‘a mass of dilated abnormal 
vessels embedded in connective tissue. In the outer 
layers of the cortex and in the white matter there were 
large masses of calcium, particularly in relation to the 
depths of the sulci. There was some gliosis of the 
cortex’. A diffuse angioma was present in the sub- 
arachnoid space (Fig. 19). A portion of the scalp 
with the naevus showed that the ‘dermal papillae were 
more vascular than normal’. In the choroid plexus ‘there 
was only a small area of normal choroid plexus. The 
rest consisted of an angioma with a number of calcified 


nodules’. A piece of the cranial vault showed ‘no 
abnormality’. 
ProGress. He made a good recovery from operation 


but there was no change in his neurological signs. His 
behaviour, however, was very much improved, and a 
month after operation it proved possible to assess his 
intelligence on the Wechsler-Bellvue scale (I.Q. 30). 





Fic. 18.—Case 4, operative appearances of left cerebral hemisphere 
as viewed from the head end of the operating table. 


angioma, extending into a sulcus. 
latter shows scattered masses of calcium. 


peculiar type of cerebral calcification. 


Three years later his parents reported that he had had 
no fits since operation, and was ‘more even-tempered 
and manageable’. 





Fic. 19.—Case 4, photomicrograph showing a diffuse leptomeningeal 
The cortex in the floor of the 
Haematoxylin and van 
Gieson x 7. 
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Case 5. R.W., 12 years of age, was referred by 
* Dr. I. MaeKenzie. This boy was born with a naevus 
in the left forehead. At the age of 44 months his mother 
noticed that he appeared disinclined to use the right hand. 
His progress between the ages of 44 months and 2 years 
was slower than normal, and he did not walk until he 
was 2 years of age. At the age of 9 months he began 
to have convulsive seizures involving the right side of the 
body with loss of consciousness. These continued 
ranging in frequency from as many as 20 a day to as 
few as two or three a week. He started at an ordinary 
school when 5 years old, but at the age of 7 years was 
sent to a special school. There he did quite well and 
by the age of 8 years he could hold a conversation. 
At the age of 12 years he had only recently learnt to 
read and write, and to do simple arithmetic. There was 
no behavioural problem. 


EXAMINATION. The typical telangiectasis involved 
the area of the ophthalmic division of the left trigeminal 
nerve, and the right side of the face was a little smaller 
than the left. His speech was normal. The optic fundi 
were normal, but a right homonymous hemianopia was 
present. There was a slight right lower facial weakness. 
The right limbs were slightly shorter than the left, and 
were also somewhat weak and spastic, but he could 
grip with his hand and had some individual finger 
movements. There was only slight weakness of the 
right leg, the muscle power being about 80% of normal. 
The tendon jerks were equal on the two sides, but the 
right plantar respomse was feebly extensor. Light touch 
and pain sensibility were normal on each side, but he had 
astereognosis in his right hand and two-point dis- 
crimination was unreliable. He walked well, but he was 
noticed to pant the right foot on the ground more firmly 
than the lef. His intelligence rating on the Wechsler- 
Bellvue full scale was 57 (A. R. Dabbs). 





Fic. 20.—Case 5, showing naevus. 
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INVESTIGATION. Skull radiographs showed that the 
left hemicranium was much smaller than the right, but 
the calcification indicative of Sturge-Weber disease was 
only present in a small area at the left occipital pole 
(Fig. 21). Pneumoencephalography, however, showed 





Fic. 21.—Case 5, radiographs (Towne’s projection) showing charac- 
teristic calcification present at only a small area at left occipital pole 
(arrow). 


that although the ventricular system was of normal size, 
the left cerebral hemisphere was shrunken with con- 
siderable pooling of air in its subarachnoid spaces 
(Fig. 22) Electroencephalography showed a ‘gross 
reduction of both normal and barbiturate fast rhythm 
throughout the whole left hemisphere. A large amount 
of bilateral subcortical activity was seen better in the 
right side than the left. A few independent spikes were 
seen in the left frontal areas and occasionally on the 
right’ (D. Hill). 


OPERATION. A left-sided hemispherectomy was per- 
formed on July 17, 1956. The whole surface of the left 
cerebral hemisphere was seen to be covered by an angio- 
matous malformation similar to our previous cases. 
Electrocorticography revealed poor activity over the 
posterior two-thirds of the hemisphere with relatively 
normal activity in the frontal region, where occasional 
spike discharges were seen (G. Pampiglione). 


PATHOLOGY. Although the surface of the cerebral 
hemisphere presented an evenly distributed flushed 
appearance of the cortex and leptomenginges (Fig. 23), 
radiographs of the specimen disclosed calcification only 





FiG. 22.—Case 5, antero-posterior air encephalogram showing 
Shrunken left cerebral hemisphere with capacious subarachnoid 
spaces. 


at the occipital pole (Fig. 24). Dr. Barbara Smith 
reported on a block from the parietal lobe as follows: 


‘The thickened pia-arachnoid was full of large 
vascular spaces with thin collagenous walls. These 
spaces did not involve the nervous tissue itself. There 
were an increased number of astrocytes in the cortex, 
particularly in the superficial layers, and considerable 
submarginal gliosis. Some of the neurones showed 
ferruginous incrustation. There was only a small 
amount of calcium in the cortex.’ 


PROGRESS. The postoperative course has been 
smooth, and he has not subsequently had any further 
fits during the three year follow-up period. At first, 





FiG. 23,—Case 5, 
vascularity of the pia-arachnoid, 


view of resected hemisphere showing diffuse 
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however, his right hemiparesis was markedly increased, 
and during the first two weeks there was very little 
voluntary movement in either the right arm or the right 
leg. Also there was some questionable dysphasia, 
while sensibility to touch and pinprick was impaired 
on the right side. Thereafter, however, there was a 
gradual improvement in power and sensation, so that 
six weeks after operation, when he was discharged, he 
could walk again. At that time he had some voluntary 
movement of the shoulder and elbow, but none of the 
wrist and fingers. Power at the right hip and knee 
was approximately 30% of normal, but there was a 
foot drop. Sensibility had returned to its preoperative 
level. Psychological testing now gave an I.Q. of 70 
on the Wechsler scale, but it was thought that this appar- 
ent improvement was not statistically significant and 





Fic. 24.—Case 5, radiograph of specimen showing characteristic 


calcification only at occipital pole. 


might be the result of practice. The E.E.G. was flat 
on the left, and showed normal alpha rhythm on the 
right side. A short burst of wave and spike activity 
was seen on over-breathing (D. Hill). The most recent 
intelligence quotient on the W.I.S.C. scale is 66 (D. 
Shalman). The patient had commenced work as a 
messenger boy. 


Discussion 


These five cases are all well marked examples of 
Sturge-Weber disease, the essential abnormality of 
which is the congenital lepto-meningeal venous 
angioma. Our cases conform to the excellent recent 
descriptions of pathological data given by Medoc 
et al. (1953-54), by Lichtenstein (1954), by Wohlwill 
and Yakovlev (1957), and by Norman (1958). The 
angioma brings about a progressive destruction of 
the cerebral cortex, and the clinical effects depend 
upon the location of the damage and the rapidity 
with which it occurs. It does not lead to an intra- 
cranial bruit. 

The case histories of our patients are typical of 
the more advanced cases of this condition and the 
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TABLE 
SUMMARY OF RESULTS OF OPERATION 
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Clinical Features at Time of Operation 
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attacks per week 


Fits had ceased 
during infancy 





Fits every month 
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salient featwres are summarized in the Table. At 
birth the imfant appears quite normal apart from 
the unilateral fac’ al telangiectasis. After a varying 
period, in sur cases from 3 weeks to 9 months, 
the child begins to have epileptic seizures which 
initially inwalve the side of the body contralateral] 
to the naevus. Later they may spread to the other 
side as well. The frequency and severity of the 
fits vary wedely. At about the same time as the 
fits commence, the: limbs in the side opposite to the 
naevus are noted to be weak. This weakness 
apparently increases as the child grows, and may 
develop into a marked infantile hemiplegia with 
wasted shortened and spastic limbs. Further, as 
the child grews older, mental backwardness becomes 
evident, and temper tantrums and other behaviour 
disorders mëy make their appearance. The charac- 
teristic calcification seen in radiographs may be 
absent in early infancy, and not appear until later. 
The combimation of epilepsy, backwardness and 
unmanageability may make institutional care neces- 
sary. All frre of cur cases had both facial naevus 
and infantiie hemiplegia. Cases 1, 2 and 4 ex- 
hibited the most cewmplete clinical pictures: Case 3 
had only a transient epilepsy, but a persistent 
personality <isorcer, and Case 5 had epilepsy but 
a normal personality. 

Our casesalso illustrate well the value of radiology 
in this concition, a topic which has recently been 
intensively reported by Poser and Taveras (1957). 
AIL five cases aia marked hemicranial atrophy 
with a z | 
well erai in par of ite. cases by the charac- 
teristic calcification and in all five cases by pneumo- 
encephalography. In two cases (Case | and 2) 
calcification was not noted in the skull radiographs 
taken in infancy, but was markedly developed by 
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; Clinical Features at Time of Follow-up 


: Duration of | 
Follow Epilepsy 
i {yrs} 


Behaviour 


Improved 
educable 
74 '  Fit-free Improved 
| educable 


temper Sociable 


Improved 
| educable 


temper 5 ' Fit-free Sociable 


3 / Fit-free Satisfactory | Still grassly 


| 
temper 
| : defective 
| 


Improved 
educable 


Sull normal 


Fit-free 


the third year of life. Poser and Taveras (1957) 
also remark on this. In Case 5 the calcification 
was detectable only in the occipital pole even 
although the angioma was widespread. Carotid 
angiography was performed in only two of our cases, 
both during infancy, and no vascular abnormality 
was noted. Such a negative finding (except for 
evidence of hemicranial atrophy) agrees with the 
usual consensus of opinion (Moniz and Lima, 1935; 
Bergstrand, Olivecrona and Tönnis, 1936; Riechert, 
1943). However, Poser and Taveras (1957) point 
out that in many cases the presence of the capillary- 
venous angioma can be disclosed by serial angio- 
graphy, and that other lesions such as arterial 
thromboses and external carotid artery anomalies 
may be disclosed. Only one case with a cirsoid arterio- 
venous malformation appears to have been reported. 
None of our cases had suffered from intracranial 
haemorrhage, although instances both of subarach- 
noid haemorrhage and of subdural haemorrhage 
have been reported in this condition (Cushing, 1906; 
1957). 

There are still comparatively few case reports 
in the literature of operative intervention for Sturge- 
Weber disease. Balado (Dimitri and Balado, 1933) 
performed a craniotomy under local anaesthesia 
in 1930 on Dr. Dimitri’s patient, then aged about 
20 years, exposing a cirsoid venous angioma which 
he treated by electrocoagulation of the principal 
surface vessels without any alteration in conscious- 
ness. Subsequently the patient continued to have 
attacks, but with a reduced frequency. Krayenbiihl 
et al. (1957) state that Tönnis, in 1934, tried the same 
procedure, but did not describe the results. 

A few neurosurgeons report cases in which the 
Sturge-Weber malformations appear to have been 
localized to a small part of the cerebral hemisphere 
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which was then excised, apparently with benefit. 
Thus Broager and Hertz (1949) report the case of 
a 5-year-old boy in which the left premotor region 
was excised largely on E.E.G. evidence. There 
was a naevus of the face and a naevus on the inner 
side of the dura in the premotor region, while a 
number of fine tortuous vessels were noted in the 
pia of the affected region. The patient was followed 
up for one year, and was free of fits, but still on 
anticonvulsive medication. Other surgeons who 
have reported comparable cases include Green, 
Foster and Berens (1950), occipital lobe with 
characteristic calcification; Huber anc Zweymiiller 
(1954), parietal lobe; and Krayenbiihl ef al. (1957), 
temporal lobe. However, a recurrence of epilepsy 
can follow upon these limited excisions (Krayen- 
biihl, 1959), 

Cairns and Davidson (1951) record the first 
case successfully treated by hemispherectomy. This 
was a 7-year-old girl with infantile hemiplegia, 
fits and behavioural disturbances. One year later 
she was free of fits, her intelligence quotient had 
risen from 63 to 73, and she appeared educable. 
Polani (1952) in the following year, gave. a pre- 
liminary report on the first two cases included in 
this present paper. Obrador Alcalde (1958), in a 
recent paper, mentions that other cases have been 
successfully operated on by Paillas and by McKissock 
(Laine and Gros, 1956), by French et al, (1955), and 
by Goodall (1957), and he adds a sixth case report 
from his own experience. This was an |1-year-old 
patient observed to be free from fits 14 months 
after the operation. 


A recent report from the Mayo Clinic (Peterman 
et al., 1958) mentions that operation was carried 
out in four of 35 cases seen in the period from 1935 
to 1956. Three of these cases had been submitted 
to a lobectomy rather than to a hemispherectomy 
with relief of seizures in one case. The fourth 
patient had undergone a craniotomy, but the lesion 
was not extirpated because of the extent of the 
angioma. Of the 35 cases, 31 had had adequate 
follow-up studies, and these showed the variability 
which is encountered in the course of this disease; 
17 of the patients were considered well, and two 
had never had a convulsion; 15 had continued to 
have seizures, some, however, infrequently. One 
other of their patients had undergone a cortical 
excision elsewhere with a successful result. Four 
patients had died, one after craniotomy and three 
after progressive deterioration at ages between 
9 months and 74 years. Ten patients had done 
poorly, five being confined to institutions. Of the 
17 patients who had done well, only three showed 
mental retardation. One indeed had graduated 
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from college, and several were married and rearing 
families. 

The drastic procedure of cerebral hemispherec- 
tomy or the less severe one of lobectomy are there- 
fore justified only when there is a proper indication, 
i.e. disabling epilepsy and/or a personality disorder. 
If the angiomatous lesion is circumscribed in the 
brain, a local extirpation may be all that is necessary 
(Broager and Hertz, 1949), but, if it is widespread 
throughout one cerebral hemisphere, removal of 
that hemisphere is indicated. 

Our cases show that provided the sother hemi- 
sphere is structurally normal, hemispherectomy may 
be confidently expected to abolish the seizures and 
produce a real improvement in the personality. 
The infantile hemiplegia is not improved, and sub- 
sequent operative procedures may prove necessary 
to correct a talipes equinus. The patient remains 
backward, but his intelligence as rated by the usual 
tests may improve a little even in relation to his 
increased age, and he may function as a high-grade 
mental defective and be educable. Thas it has led 
to improvement in learning in all four of our 
patients who were operated upon during childhood. 
It did not benefit Case 4 who was operated upon 
as an adult. Our experience in all these respects 
is in agreement with the results of hemispherectomy 
performed for other types of infantile hemiplegia 
(Krynauw, 1950). 

Before the operation is undertaken, the condition 
of the other hemisphere is checked by pneumo- 
encephalography and electroencephalography. Pool- 
ing of air over the surface in dilated subarachnoid 
spaces or ventricular dilatation on the supposedly 
good side indicates damage to it. The electro- 
encephalographic findings need to be interpreted with 
caution. Krynauw (1950) demonstrated in his 
cases of infantile hemiplegia that E.E.G. abnor- 
malities in the good hemisphere often cleared up 
after removal of the diseased one. This may 
explain both the postoperative improvement in 
personality and in intelligence, 

Given proper indications, the operation is well 
worthwhile, and the question arises as to the best 
stage at which it should be performed. An opinion 
in this respect is largely based on theoretical premises, 
We have no evidence to suppose that it will benefit 
a child with infantile hemiplegia but without 
epilepsy or a personality disorder. 4f, however, 
one or both of these is present (and an our cases 
they had all appeared within the first year of life), 
the child should be operated on at aa early stage 
in order to stop the seizures and improve learning 
capacity. The skull of a young infant, however, 
because of its flexibility, makes the closure 
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of a large cranietomy difficult. The youngest age 
“at which operation was performed in this series 
~-was 34 years, and no great difficulty was encoun- 
. tered. On theoretical grounds the child could have 
been operated on with equal ease between the ages 
=- of 2 and 3 years, which is probably the preferable 
age period. As in other conditions causing in- 
fantile hemiplegia, aphasia does not appear, even 
when the left cerebral hemisphere is removed 
(Krynauw, 19503. 
_ Summary 

The case histories of five patients with advanced 
Sturge-Weber disease (encephalotrigeminal angio- 
matosis) are recorded. All exhibited epilepsy 
and/or a behavioural disturbance occurring in 
association with an infantile hemiplegia and their 
epilepsy and personality conditions were improved 
by excision of the affected cerebral hemisphere 
(hemispherectomy), but not their infantile hemi- 
plegia. Ali remained mentally backward, but the 
four who were operated on during childhood 
proved to be educable. These findings conform 
to the observat ons made by others who have 
_ performed hemispherectomy for this condition. 
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Kwashiorkor and marasmus are the two com- 
monest forms of infant malnutrition found in tropical 
countries and the fundamental aetiological difference 
between them appears to be in the proportion of 
carbohydrate in the diet. The diet leading to 
marasmus seems to be reasonably balanced though 
insufficient in quantity and therefore in calories as 
well as protein, whereas the diet leading to kwashior- 
kor is imbalanced in that there is a protein deficiency 
but a relative excess of carbohydrates which can 
lead to an adequate calorie intake. The clinical 
picture in these two types of malnutrition is striking- 
ly different. Though protein deficiency in the 
aetiology of kwashiorkor has been emphasized, and 
without doubt is present in these infants, perhaps 
insufficient attention has been paid to the carbo- 
hydrate metabolism in kwashiorkor. Before going 
so far as to suggest that the clinical signs of kwashior- 
kor are related to a relative excess of carbohydrate, 
and that it is this excess which gives rise to the 
oedema, skin and hair changes and fatty liver, 
either directly or indirectly, seen in kwashiorkor 
and not in marasmus, it was thought that a com- 
parison of the protein metabolism in the two states 
might show whether in fact protein metabolism 
differed in the two conditions. If a difference is 
present, then one can, with more justification, 
designate kwashiorkor as protein malnutrition; if 
there is no difference, apart from that of degree, 
then it is possible that kwashiorkor is no more nor 
less dependent on protein malnutrition than is 
marasmus and the emphasis in aetiology should 
perhaps be shifted to carbohydrate. 

A simple approach to this problem lies in the 
study of the serum proteins, and especially in the 
first few days of treatment when the body is faced 
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with the possibility of repairing the damage in the 
protein metabolism. It can be assumed that those 
parts of the protein ‘workshop’ most severely 
disorganized by the previous state of protein 
shortage, and possibly imbalance, would respond. 
to treatment at a rate different from that of the less 
severely affected mechanisms and ths might be 
reflected in the serum protein levels in the early 
days of treatment. 


Methods 


There are many cases which show some signs of 
kwashiorkor and of marasmus, the so-calied marasmic 
kwashiorkor, but in this study cases were deliberately 
chosen which were as near the extremes as possible so 
that the kwashiorkor group all had hair anc skin changes 
and gross oedema, whilst the marasmic greup had. none 
of these signs. The mental state, the apathy of the 
kwashiorkor, was present in all the cases studied, whereas 
in the marasmic group all the children on admission had 
a noticeable mental alertness, being very interested and 
apprehensive of their surroundings. Though liver 
biopsy was not done, the cases were clinically distinct 
and of one type of malnutrition or the other. 

The children were all aged 1 to 4 years inclusive. 

Approximately 2 ml. of blood were taken before 
treatment commenced and on each subsequent morning 
until the 14th day in hospital. The blood was allowed 
to clot and the serum decanted off. After centrifugation 
the total serum proteins were estimated by refracto- 
metry and then subjected to paper electrophoresis. The 
proportion of protein present was assessed by measuring 
the density of the various protein bands. 

The treatment given to the patients was sot controlled 
in any way, it being left to the clinician in eharge to give 
drugs, etc., according to clinical needs. However, the 
composition of the diet for kwashiorkor was standard 
and consisted mainly of whole powdered milk, with 
casein and sugar until the sixth day, after which vege- 
tables, meat, fish, etc., were added. The diet of the 
marasmic cases was qualitatively the same as the 
kwashiorkor. 
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Results 


Kiwashiorkor. The various protein fractions in 
the serum: as determined daily are expressed both 
as g. 3% and as percentages of the total serum 
: proteins. “The results are seen in Table 1 and Figs. 
=T and 2 and represent the means of seven cases. 

~The pre-treatment values reported here were 
- lower for albumin and the increase in the albumin 
in: response to treatment was not so striking as 
reported by Davin (1955). This slower rise is 
_ presumably because protein hydrolysate is not now 
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added to the diet as it was when Davin carried 
out his studies in the same hospital. 

The alterations seen in the percentage of the 
various fractions in kwashiorkor at the commence- 
ment of treatment are not all to the same degree 
when compared with the mean values of a series of 
41 normal African children (Table 2). In contrast 
to the albumin fraction which is lower, the «, and 
y globulin percentages are higher, whilst the x» 
and B remain approximately the same. The drop 
in total proteins, however, is such that all fractions 
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when expressed as g. ° are lower in value, though 
less obviously so in v and § globulins. 

The total proteins increase during treatment at 
a fairly constant rate except for a slight reduction 
in the first two days of treatment. This may be 


due to increased blood volume consequent upon 
the removal of oedema. fluid, and rehydration 
therapy. M a 

It can be seen that the proportion of albumin 
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: l TABLE 2 

“MEAN % OF VARBKOUS SERUM PROTEIN FRACTIONS IN 
C SEVEN CASES OF EWASHIORKOR AND SEVEN CASES OF 
_-MARASMUS AND IN A NORMAL SERIES (DAVIN, 1955) 
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a : Globulin 

L Abamin merenjem po — tecincec 

| XI xa i + 
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TABLE 3 
CHANGE COMPARED WITH NORMAL IN VARIOUS 
FRACTIONS OF SERUM PROTEINS AT COMMENCEMENT 
OF TREATMENT EXPRESSED AS % RISE OR FALL FROM 


NORMAL 
Sane 
{ 
Kwashiorkor Marasmus 
Albumin i ~62 —39 
X} g -19 : S 
pa — 39 ~~ 30 
G ~- 39 oe) 
ae 13 -4 





constant. The æ globulin rises (p = 0-05-0-025) 


as does the 6 globulin (p = 0-025-0-01), whereas 
the y fraction falls (p == 0-001) in the first 14 days 


of treatment. These changes are reflected in the 
results expressed as g. % except for the y globulins 
where a rise is now seen, and in the g} fraction 
where the constant percentage means that with an 
increasing tocal serum protein the g. ° of this 
fraction shows a rie. 

Davin (1955) carried out serum electrophoresis 
before treatment and after seven to 12 days of 
treatment in cases of kwashiorkor and his results 
showed the same proportional tendencies with 
treatment as hose reported here, though there are 
slight ciffererces in the actual values in the two 
groups. 

These results cempare favourably with those of 
Autret and Behar (1954) but as these authors do 
not separate the « globulins in their control sera 
it cannot be seen if they also found a rise in «, 
globulin. — 

The relative fal in the level of each serum protein 
comporent in kwashiorkor, compared to normal, 
isnot constant. Im the present seven cases the mean 
albumin level was 62% lower, and the a and 8 
(39%, x 19% and y 12% lower than Davin’s normal 


figures (Table 3) (Davin, 1955). The reason for 





this is not known, but it must reflect different 
metabolic activities in the various serum proteins, 
though whether these are based on supply or demand 
cannot appear from this study. 


Marasmus. The results of the serum protein 
changes in the first 14 days of treatment in marasmic 
infants are seen in Table 4 and Figs. 3 and 4. There 
are some differences when compared to the kwashior- 
kor group at the commencement of treatment, 
mainly in the total serum protein level which is not 
so low in the marasmics, largely as a result of the 
higher albumin level in these cases. 

As with kwashiorkor, the changes in the relative 
levels of the serum protein components are not 
constant (Table 3). The albumin level was 39% 
below normal, the a) and ßB fell approximately 
35%% and the a, and y showed little change. 

Hence in these two conditions of infant mal- 
nutrition the x and 8 seem to be linked and equally 
affected, whereas the reduction in albumin, similar 
to that in % and B in marasmus, is much more 
marked in kwashiorkor, the least proportional 
changes being seen in the x; and y globulins. 

If the rate of increase in the g. °% of each of the 
serum proteins in the kwashiorkor and marasmus 
groups is compared it is found that all the serum 


TABLE 4 


THE MEAN DAILY VALUES OF SERUM PROTEINS IN THE CASES OF MARASMUS 
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proteins increase at a greater rate in kwashiorkor 


than in marasmus except for the y globulins, whose 


rate of change is the same. 


Discussion 


The similar serum protein pattern found in 
kwashiorkor and marasmus suggests that the protein 
metabolism in both types of malnutrition differs 
only in degree, and that marasmus is as much a 
protein malnutrition as is kwashiorkor. Its more 
rapid response to treatment supports the view that 


kwashiorkor. | 
the change from normal between x, and y globulins 
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kwashiorkor is a more acute form of. hauo 
than marasmus, though it is difficult to: comprehend 
how rate of onset can influence rate of response to 
treatment. 

In both kewashivikad and marasmus there is a 
deficiency of adeq uate protein: intake and the pattern 
of the serum proteins is the same in each except that 
the reduction in: ‘serum. albumin is greater in 
The apparent link, in the extent of 


and between a and: B globulins -3 ia both: con- 
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é common error in protein meta- 
bolism because these proteins are not equally 
affected intas way in other diseased states. If one 
assumes. thet the >rotein metabolism in the two 
conditions is affected in a similar way, and that there 
is no reason why protein metabolism should be 
different in these two types of infant malnutrition 
which have in common a deficient intake of adequate 
protein, then the Ginical differences must be due 
to some faci Or other than protein. 

The main dite ence in the diet leading to these 
two types cf ma! ‘mutrition is a relative excess of 
carbohydrate w the pre-kwashiorkor intake. As it 
is suggested that protein metabolism is similar in 
these twe kinds o? ' malnutrition, then it is possible 
that the clirica!l pure of kwashiorkor is due, not 
solely te protein malnutrition but to a relative 
excess of dietary c arbohydrate (Macdonald, 1960). 
Fhe rate of prosein recovery is more rapid in 
‘kwashiorker. The y globulin shows little fall in 
‘either condiicom end the response to treatment is 























similar, and it is possible that the y globulin has 
not to any extent been influenced by the inadequate 
protein intake but only by the infection contracted 
by the child. 

An interesting feature in these results is the 
apparently close relationship between a, and y 
globulin and between «ə and 8 globulin. The 
extent of the fall in each pair as well as the rate of 
response to treatment is similar. This suggests 
that the metabolic processes concerned in the 
production and utilization of these two pairs of 
serum proteins are closely allied. 

These results therefore show that before the 
commencement of treatment the pattern of change 
in the serum proteins in kwashiorkor and marasmus 
is similar. The serum protein response to an 
identical diet is also similar in the two conditions, 
the differences being in degree only. Thus no 
evidence can be found in this study to suggest that 
protein metabolism is qualitatively different in 
kwashiorkor from that in marasmus. 
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The highly satssfactory results with skimmed 
cow's malik in the treatment of uncomplicated 
kwashiorkcr are well documented. Dean (1953) 
stated that a paint needed 50 g. protein daily, 
but in P9356 recommended that fat be added as well. 
It has been ‘suggested. that very high protein intake, 
by supplersentinz | cow’s milk with concentrated 
powdered milk protein, may hasten the cure of the 
disease. Many a spitals still use this expensive 
therapy: Fretorias, Hansen, Davel and Brock 
(1956), however, odid not observe benefit from 
supplement ng skimmed milk, and it has also been 
suggested that tec high. a protein diet may cause 
harm and even sudden death (Gyorgy, 1955; 
Sénécal, 1958). ` 
- It was tkerefore decided to study this problem 
as part of an investigation, initiated in November, 
1957, into anaema in kwashiorkor (Walt, 1959). 
Alternate cases were given a protein supplement 
and a cempariscr of the total daily protein and 
caloric intake, dzily weight change and weekly 
‘serum protein, estimations in cases in each group 
was undertaken. 


Material and Methods 


| Six hespital beds were made available for the study 
and as eack bed became vacant, a new patient with 
kwashiorkor: was admitted to the trial. All the patients 
were ill, necessitatia admission to hospital. Many had 
‘superimoesed: infect: nS. 

A full ¢limical examination was carried out on every 
patient by the first author, and, without his prior know- 
ledge, allotted alternately to the two treatment groups. 

From. Ncvember 22, 1957, to June 29, 1958, 45 
patients wes admi ted to the trial. Five patients in 
each treatment group died, leaving 35 cases for analysis. 
These ceses. were ob a rved for 28 days. 





























Treatment Groups. Skimmed lactic acid milk only 
ASLAM} was admiristered in 17 cases; skimmed lactic 
acid miik pus pretzin supplement (SLAM + PS) was 
administered in 13 cases. 
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1960) 


From July 15, 1958, to June 22, 1959, a further 48 
cases, comprising the second series, were admitted. 
There were 12 deaths; two cases were excluded because 
of tuberculosis and two cases because of unreliable 
records. This left 32 cases for analysis. These cases 
were observed for 42 days: skimmed lactic acid milk, 
plus injectable iron (SLAM + Fe) was administered 
from the eighth hospital day to 13 cases; skimmed 
lactic acid milk plus protein supplement (SLAM + PS) 
(‘Tervamix’), as in the first series to 19 cases. 

It will be noted that the only difference between the 
first and second series of cases was the addition of iron 
injections after the eighth day to the non-supplemented 
group. Table I shows that the severity of kwashiorkor 
was similar in both groups, as was the number of patients 
requiring intravenous therapy and/or blood trans- 
fusions. There was a similar proportion of infections 
in the two groups. The average age for the SLAM ~+ PS 
group was 18 months and for the other 20 months. 
All the patients were of African (Bantu) origin. An 
analysis of the deaths among the total of 93 cases 
admitted showed that the median days of death in the 
SLAM group and SLAM -+ PS groups were the fourth 
and third days respectively. Statistically there was no 
significant difference in the death rates of the two groups. 








TABLE 1 
Treatment 
Cases fn i nena 
SLAM | SLAM + PS 
Cases admitted z2 46 47 
Deaths - PE: i4 8 
Cases excluded 2 2 
Cases analysed 30 37 
Mean age (months) . 20 18 
Severity of illness on admission: . 
Mild - He a ha 9 (30% A 12 32%) 
Moderate s4 sal 16 (33%) 19 (32%) 
Severe ; S{li A 6 (16°) 
Cases requiring intravenous therapy ; 6 f 9 
Blood transfusions .. f oat 3 i 3 
Cases with infections: 
In first week .. . a 10 (33%) 16 (43°) 
During hospitalization: : al 21 (70% d 26 (7024) 





Feeding. Lactified skimmed cow's milk (Walt, 
Wills and Nightingale, 1959) was offered to all patients. 
They were encouraged and coaxed to drink as much 
as they wished by the nursing staff, who are taught to be 


4A 


456 


kindly and patient with these difficult children. The 
minimum quantities offered for the first three days were 
14, 2 and 24 oz. per lb. body weight respectively. Full 
ward diet was introduced on the 15th day. 

The alternate patients received a supplement of 
‘Tervamix’, a powder containing 68% milk protein 
(casein), obtained from skimmed milk. It was added 
to the lactified milk in the proportion of 14 g. per Ib. 
body weight, thus providing an extra 1 g. protein per 
Ib. body weight per day. 


Additional Routine Therapy on Admission. The 
following was administered to all patients: procaine 
penicillin 300,000 units intramuscularly daily for seven 
days; triple sulphonamide 90 mg. per Ib. body weight 
daily for seven days; vitamin C, 50 mg. daily; potassium 
chloride, 5 gr. three times per day for seven days; folic 
acid (‘Folvite’) 7-5 mg. intramuscularly daily for three 
days, followed by 5 mg. orally three times per day for 
25 days; intramuscular iron (Imferon’), on the recom- 
mended basis, was given from the eighth day to the 
patients in the second series not receiving protein 
supplement (SLAM + Fe). 


Measurements. All patients were weighed by the 
paediatric registrar daily just before the 9 a.m. feed, 
at the same time as the protein supplement was weighed. 
The daily quantity of feed taken by each patient was 
accurately measured and recorded allowing the daily 
protein and caloric intake to be estimated (Fig. 1). 


Serum Proteins. Serum protein estimation and 
electrophoresis were performed on admission and weekly 
thereafter by the methods of Joubert. Hookins and 
Hunter (1959). 
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Results 

The addition of injectable iron to the patients in 
the non-supplemented group in the second series 
apparently did not affect the protein and caloric 
intakes, weight changes and serum protein levels 
materially. Therefore, for purposes of analysis, the 
results of the non-supplemented groups in the 
first and second series of cases have been combined 
and compared with the results of the protein- 
supplemented cases from both series. Figs. I, 2 
and 3, and Table 2 summarize some of the findings 
in the two groups. 


Response to Treatment. All 67 cases recovered 
well and were discharged from hospital at the end 
of the period of observation; many could have been 
discharged earlier. The patients had their diuresis 
between the fourth and 12th days; clinical oedema 
tended to disappear earlier in the protein-supple- 
mented group. By the end of 14 days, the skin 
lesions were healed and the patients smiling, a sign 
of recovery which we find very useful; their appetites. 
were good and dispositions happy unless some 
infection supervened. These infections were a 
constant source of worry, and in the majority of cases 
necessitated the use of appropriate antibiotics. 

Differentiation between dietetic and infective 
diarrhoea is admittedly difficult but the former 
never appeared to be an important cause of illness. 
Those patients given supplementary protein did not 
suffer an obvious increase in diarrhoea. 
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Fic. 1.—-Mean calorie and protein intakes of both groups. 


© = SLAM: skimmed lactic acid milk; @ = SLAM 


PS: skimmed lactic acid milk plus protein supplement. 
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Fig. 2.—Mean percentage Crans in body en in both groups, 
O = SLAM: @ = SLAM -+ PS. 


Protein Intake. (Fig. 1.) By the 10th day of 
treatment the mean protein intake of the SLAM 
4 PS grcup was 30%, more than in the SLAM 
group (37 g. as compared with 2-8 g./lb. body 
weight}. | 


g% 
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| albumen oy globulin globulin B-globulin y-globulin 


.. Fig, 3.--Miem serum aproteins and fractionation in both groups. 


As on admision: nuaerals refer to number of weeks after admission, 


Caloric Intake. (Fig. 1.) Likewise by the 10th 
day of treatment the mean caloric intake of the 
SLAM + PS group was higher than in the SLAM 
group (32-5 as compared with 28-4 cal./lb. body 
weight). 


Weight Change. The percentage change in body 
weight (Fig. 2) in the two groups showed that those 
given protein supplement did not gain as well as 
those fed skimmed milk only. By the 28th day, the 
SLAM + PS group was only about 1% above 
their admission weight, but the SLAM group 
(without supplement) was 5-6°%, over the admission 
weight. This difference was probably significant 
(p <0-05)}. 

In the second series of cases which were weighed 
up to 42 days, there was still a difference between 








TABLE 2 
ha cose 
Cases Oe ie cee eh ae Oana ene eet ere AAN 
SLAM | SLAM whe PS 
Mean weight (ib.}: i | 
On admission .. ni sal 19-3 i 20-0 
At 28 days ae sis ae 20-5 ! 20-2 
At 42 days ; Zar i 21° 
Mean protein intake at 10 days | 
ig jib. body weight) .. 2°8 ; 37 
Mean caloric intake at 10 dave ; š 
; 


(cal. fib. body weight) .. sel 28-4 ; 32 
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the two groups, but this was no longer significant 
(Fig. 2). 


Serum Proteins. Fig. 3 compares the serum 
protein levels of the two groups. There was no 
greater rise in those cases receiving protein supple- 
ment. 

Discussion 

Adequate control groups are essential when a trial 
of varied treatments is undertaken. In this investi- 
gation random allocation of cases resulted in similar 
age and weight distributions and severity of 
kwashiorkor in the two treatment groups. Thus 
the only difference between the groups was the diet. 

We have used weight gain, a rise in serum proteins 
and clinical recovery as the criteria for improvement 
in the two groups. When observed for only 28 days 
those patients receiving supplementary protein did 
not gain as well as those receiving skimmed lactic 
acid milk only (Fig. 2). When, however, the 
patients were observed for 42 days, this difference 
was much less evident. Possible reasons for this 
difference are the slightly larger number of infections 
in the first week and the earlier loss of oedema in 
this group. Alternatively, it may be due to diff- 
culty experienced in metabolizing the extra protein. 
The amount of protein taken increased daily so that 
by the 10th day a mean of 2:8 g. per lb. body weight 
daily was consumed by the control group. This 
was sufficient to initiate cure as defined by Brock, 
Hansen, Howe, Pretorius, Davel and Hendrickse 
(1955). It is felt therefore, that supplementation 
of skimmed milk with extra protein is unnecessary. 
‘This merely confirms the opinion of Pretorius 
et al. (1956), Pretorius and Smit (1958), and Béhar, 
Viteri, Bressani, Arroyave, Squibb and Scrimshaw 
(1958). 

Sénécal (1958), on the other hand, has recently 
reported excellent results with partly skimmed milk 
supplemented by protein hydrolysates, but his con- 
clusions are not supported by a controlled series of 
patients. He felt that his good results were due in 
part to the high caloric intake, 25°, of which was 
supplied by protein. His patients took as much as 
140 calories per kg. per day. In our patients no 
attempt was made to increase the calorie intake 
above that provided by skimmed milk (and extra 
protein), recovery occurring on 55-65 calories per 
kg. per day. In patients developing kwashiorkor, 
it is believed that the calorie intake is adequate but 
that protein is markedly deficient. In Sénécal’s 
cases, one suspects that some patients were marasmic 
and deficient in both calories and protein. We 
realize, however, that the earlier introduction of a 
ward diet is likely to be of benefit to some patients, 
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and that 14 days on skimmed milk only is probably 
too long. 

We are convinced that infection plays an impor- 
tant part in retarding the recovery of our patients 
and in the causation of a mild but persistent anaemia, 
as has already been suggested by Wait (1959). 
Although it is difficult to assess, we believe that the 
prophylactic penicillin and sulphonamides used in 
this trial were of no obvious benefit. We feel 
therefore that chloramphenicol is probably the drug 
of choice, particularly in our area where infective 
enteritis is common. 

The total serum proteins and all fractions in- 
creased rapidly by the [4th day of the treatment; 
thereafter they rose only a little more to levels and 
ratios typical for African patients. We are at 
variance with Sénécal (1958), who despite a state- 
ment that the «x. globulin decreases, produced a 
diagram remarkably similar to our Fig. 3. In all 
our cases this fraction rose steadily and rapidly. 


Conclusions 

In this series of patients no advantage in weight 
gain was demonstrated in those receiving protein 
supplements and therefore higher calorie intake. 
The minimum quantity of protein, on a body weight 
basis, necessary for the cure of kwashierkor has 
yet to be determined, even though Dean (1953) 
stated that he had had some good results from as 
little as 25 g. protein daily. In this series, by the 
10th day, 2-8 g. per Ib. body weight, representing 
more than 50 g. protein in the average patient, was 
consumed and cure was initiated. It is possible 
that some patients would profit even more by the 
introduction of a full ward diet as early as the eighth 
day. 

Because infection plays a major role in the early 
deaths from kwashiorkor, a series of cases receiving 
a broad spectrum antibiotic prophylactically needs 
to be studied. 

We believe that ‘pure’ or uncomplicated kwashior- 
kor responds so well to skimmed cow’s milk that 
these patients should never die. Skmmmed milk 
is very Satisfactory and much cheaper than protein 
hydrolysates or concentrated powdered milk protein, 
which have not yet been shown to be superior. The 
rightful place of skimmed milk appears to be as a 
supplement to the high carbohydrate (starch) diet 
of the African. Although ‘Tervamix’ has not been 
shown in this study to hasten the cure of patients 
with overt kwashiorkor, it may well be a useful 
non-bulky high protein supplementary food. 


Summary 
The treatment of two groups of patients with 
kwashiorkor is compared. Both received skimmed 
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lactic acid mik bat one group was supplemented 
with concentnated milk protein. 

S This group cid mot show any advantage in clinical 
i , weight gain or rise in serum protein levels 
' ; msuppemented group. 

í ‘Tt is concludec that protein supplementation of 
“skimmed mil< in the treatment of kwashiorkor is 
- not beneficial. 
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“Superintendent, McCord Zulu Hospital, for facilities; 
“to Dr. S. M. Joubert, Pathologist, Faculty of Medicine. 
< University of Natal for the serum protein estimations 
“and Fig. 3: to Drs. L. Robertson and S. A. Randeree, 
-Paediatric Registrars, for their care of the patients and 
records. The folic acid used (‘Folvite’) was generously 
donated by Lederle Laboratories Division, American 
-Cyanamid Company; the ‘Imferon’ by Benger Labora- 
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Hyaline membranes are seen in the lungs of nearly 
one-third of prematurely born infants who die 
after birth at the Royal Women’s Hospital, Mel- 
bourne. The nature of the membranes has been 
discussed often in the literature (Farber and Wilson, 
1932: Tregillus, 1951; Claireaux, 1953; Bruns and 
Shields, 1954: Gilmer and Hand, 1955; Lendrum, 
1955; Lynch and Mellor, 1955; Stevenson and 
Laufe, 1955; Gitlin and Craig, 1956 and many 
others). The subject has also been reviewed by 
Tran-Dinh-De and Anderson (1953), Curtis (1957), 
and others, and in an Editorial in the Lancet (1958). 
So far there is no generally accepted explanation 
of the mode of origin of the membranes and opinions 
differ widely on the nature of the material of which 
they are composed. Two main views are held. 
One postulates an origin from the contents of the 
amniotic sac and the other from an exudate from 
the pulmonary capillaries. 

The present study is based on observation of 
morphological changes in affected lungs and was 
undertaken after a variety of histochemical and inter- 
ferometric techniques had been employed without 
significant result. From microscopic examination 
of the lungs using sections prepared by conventional 
methods it is concluded that hyaline membranes 
result from necrosis of epithelial cells in respiratory 
bronchioles and form in situ. 


Material 

Sections of the lungs have been examined from 
133 consecutive cases of hyaline membrane disease 
occurring in a three-year period and the clinical 
notes of each case have been reviewed. Necropsy 
is routine for infants who die and only very rarely 
is objection made. Approximately 320 autopsies 
(stillbirths and neonatal deaths) are performed 
each year. Blocks are taken from the lower lobe 
of one lung in every case, fixed in formalin and 
prepared for microscopic examination in the usual 
way. Sections are cut from one block in each case. 


1959) 


Microscopic Findings. Most hyaline membranes 
are of a uniform eosinophilic and hemogeneous 
appearance and line air spaces which appear to have 
been patent at the time of death. The affected air 
spaces are usually described as alveolar ducts and 
sometimes as alveolar ducts and alveoli. It is now 
clear that the alveolar components of the lungs are 
not involved in hyaline membrane disease and that 
respiratory bronchioles are the site of hyse 
membrane formation. 

In sections stained to show elastic fibres the 
characteristic pattern for respiratory bronchioles 
is seen around all hyaline membrane affected spaces 
(Fig. 1}. Between affected spaces the lung has a 
solid structure in which elastic fibres are less fre- 
quent, stain faintly and are of irregular distribution. 
Frequently hyaline membranes are seer lining one 
side of a respiratory bronchiole while the opposite 
side is lined normally by cuboidal epithelia! cells. 
In some cases hyaline membranes are seen in longi- 
tudinal sections of respiratory bronchioles abutting 
on the normal columnar lining of terminal bron- 
chioles. Spaces lined by membranes usually have 
a surrounding lamina propria outside which there 
are obvious respiratory structures of smaller 
dimension which are not patent. These are the 
definitive alveolar tissues in which hyaline mem- 
branes do not occur. 

In the immature lung of the 1,001-1,500 g. 
baby the general anatomical features seem to us 
to be as illustrated in Fig. 2. 

F is a terminal bronchiole around which the 
elastic layer is continuous. R; and Ry» are respira- 
tory bronchioles around which the elastic layer is 
interrupted. A is a site containing potential 
alveolar tissues which may or may not be functional 
at this stage of development. Here the elastic 
fibres have no pattern and are less numerous. 

The transition from a terminal to a respiratory 
bronchiole is abrupt. The columnar cells of the 
terminal bronchiole give way to much less con- 
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1.—Section of respiratory bronchiole showing interrupted 
pattern of elastic fibres. 
(Weigert’s elastic stain x 228.) 


FIG. 





Fic. 3.—Secticm of respiratory bronchiole lined by partly necrotic 
epithelial cells. 
(H. and E. x 228.) 





Fic. 4.—Seeticm ef respiratory bronchiole showing partly necrotic 
epithelial calls and a segment of hyaline membrane on the right. 
(H. and E. x 228.) 
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Fic. 2.—Diagrammatic illustration of elastic fibres around bronchioles. 


spicuous epithelial cells which are cuboidal or 
lower. The elastic layer becomes interrupted and 
the lumen is narrower. The cuboidal cells lining 
respiratory bronchioles have a clear colourless 
cytoplasm and a centrally placed round vesicular 
nucleus. 

In 69% of the cases in this series the membranes 
were not all entirely eosinophilic but contained 
basophilic particles. In some cases these stained 
deeply while in others they were just visible. Some- 
times the origin of the basophilic particles from the 
nuclei of epithelial cells was obvious (Fig. 3) mainly 
because of the regular distribution around the lumen 
and also because of the size and location of the 
material in relation to the surrounding eosinophilic 
membrane. Except when the particles were ex- 
tremely fragmented there was no possibility of 
mistaking the appearances for degenerate leuco- 
cytes. Appreciation of the epithelial origin of the 
lesion depicted in Fig. 4 led to detailed examination 
of all sections, membrane by membrane, in order to 
follow the changes by which membranes result from 
degeneration of epithelial cells. 

The first changes observed occur simultaneously 
in cytoplasm and nucleus. The cytoplasm swells 
slightly and becomes eosinophilic and the nucleus 
loses its vesicular appearance and soon becomes 
pyknotic (Fig. 5). Later there is an enormous 
increase in the size of the cell and an increase in 
eosinophilia. The nucleus elongates or fragments 
and is either passed out of the cell or blends with the 
cytoplasm. Finally, distinction between the cells 
becomes difficult except on the luminal aspect of 
the membrane which is somewhat irregular. This 
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Fic. 5.—Section of respiratory bronchiole showing intact epithelial 
cells flanked by hyaline membrane. Some nuclei are pyknotic and 
others in the membrane are fragmented. 

(H. and E. x 228.) 


Fic. 6.—Section of respiratory bronchiole showing typical hyaline 
membrane and characteristic irregular edge. 
(H and E. x 228.) 


irregularity often accurately reflects the margins 
of the original cells (Fig. 6). 


Clinical Features 


The 133 cases resulted from 121 pregnancies. 
There were 67 male and 66 female infants. Nearly 
all died between two and 48 hours after birth 
(Fig. 7) and the majority died in the first 16 hours. 

One hundred and twenty-three infants were 
premature, 10 weighed over 2,500 g. and one of 
these was postmature (Fig. 8). Infants below 
1,000 g. showed pulmonary hyaline membranes, 
but the majority of the cases occurred in the 1,001- 
2,000 g. range. 

The incidence of the lesion is inversely propor- 
tional to the gestational age and 60°% were asphyxi- 
ated at birth (Fig. 9). Asphyxia is defined as taking 
two minutes or more to establish rhythmical respira- 
tions after delivery and most of these infants received 
lobeline and/or coramine. In 60% of cases it was 
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recorded that oxygen was administered at delivery, 
usually by an intranasal catheter. This is a common 
procedure in our hospital for prematurely born 
infants and the actual number so treated is higher 
than recorded. Asphyxia at birth was more com- 
mon in infants born at 34 weeks and over (76%) 
than in the group under 34 weeks (54%). 

Of the 24 infants delivered abdominally, 20 (83 % 
were asphyxiated at birth and usually severely. 
This incidence of asphyxia is higher than for the 
series as a whole and suggests that it is asphyxia in 
cases delivered by caesarian section and not this 
mode of delivery per se which is the important factor 
in the subsequent development of hyaline membrane 
disease. In 32% of cases delivery was by breech. 

The complications of pregnancy, apart from 
maternal diabetes, were those associated with 
premature delivery although the individual inci- 
dences were greater than expected in premature 
deliveries as a whole (Table 1). There were 24 
multiple pregnancies. In 11 (10 twin, one triplet), 
all the infants died and showed hyaline membranes 
at autopsy. In 12 multiple pregnancies (11 twin, 
one triplet), only the second twin or third triplet 
was affected. 

Nearly one half of the infants who died in the 
1,001-2,000 g. group showed hyaline membrane 
formation (Table 2) but the maximum incidence 
occurred in the 1,001-1,500 g. group. 

In 61 % of the cases pulmonary hyaline membranes 
were the only major findings at necropsy. 

The condition of the infants was poor from birth 
and signs of respiratory distress developed rapidly. 
In most infants there was no period of well-being. 
Lateral chest and lower sternal retraction occurred 
early and became progressively more severe. An 
expiratory grunting cry was easily heard. The 
four limbs often assumed an abducted and externally 
rotated position. Apnoeic attacks with cyanosis 
occurred with increasing severity. On auscultation 
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Fic. 7.—Age of infants at death. 
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the only constant finding was poor air entry into 
the lungs. 
Discussion 


The origin of hyaline membranes in infants from 
necrosis of epithelial cells in respiratory bronchioles 
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TABLE 1 
COMPLICATIONS OF PREGNANCY 
Multiple .. te vk ba po 24 20% 
Pre-eclampsia sé ad ve 2 ail 18 17% 
Eclampsia .. a ià = irel 27 ny 
Accidential haemorrhage ka H ii Se 
Placenta praevia .. ath aa ¿i 10 8% 
Diabetes .. i S is i 7 vo 
TABLE 2 


BIRTH WEIGHT, NEONATAL DEATHS AND HYALINE 
MEMBRANE INCIDENCE 











Hyaline Membrane 
Weight Neonatal -o 

(g.) Deaths | Incidence 
Nos. per 1,000 
| Live Births 

Up to 1,000 | 184 24 125 

1,001-1,500 | 122 51 | 204 

1,501-2,000 | 71 37 | 78 

2,001-2,500 | 47 11 | r ‘ 


Over 2,500 | 96 10 





has not been so described until recently (Barter, 
1959). Tregillus (1951) showed lesions in the 
epithelial linings of terminal bronchioles but did 
not state clearly the relationship of such lesions to 
hyaline membranes; nor did he appear to appreciate 
that the principal lesion is confined to respiratory 
bronchioles. Lynch and Mellor (1955) using histo- 
chemical methods have hinted at a relationship 
between membranes and bronchiolar epithelial 
cells but so far have come to no definite conclusions 
about the nature of the disease. However, they 
have shown similar histochemical properties between 
epithelial cells in the respiratory tract and hyaline 
membranes. 

Recognition of epithelial necrosis in terminal 
bronchioles contributed largely to our understanding 
of the process in respiratory bronchioles. The 
changes observed in an occasional terminal bron- 
chiole are obviously those of degeneration in epi- 
thelial cells and do not occur except when hyaline 
membranes are present in respiratory bronchioles. 
The fact that nuclear material is observed in some 
membranes in 69% of cases led to the investigation 
of cases showing minimal membrane formation. 


WEEKS PREGNANT 


Fic. 9.—Gestational age; ææ = number asphyxiated at birth. 
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All stages of epithelial necrosis from nearly intact 
cells to those containing faint remnants of nuclei 
can be observed in many of these cases. That these 
are the nuclear remnants of epithelial cells is evident 
from studying all the phases of the degenerative 
process. It has become clear that epithelial cell 
necrosis is the basis of hyaline membrane formation 
and that lesions are found in both terminal bron- 
chioles and respiratory bronchioles but mainly in 
the latter. The epithelial linings of the trachea 
and bronchi are not affected and we have found no 
evidence that membranes form in alveolar ducts or 
alveoli. Furthermore, it seems likely from our own 
unpublished observations that alveolar tissues are 
not as well developed in the premature lung as 
commonly implied. 

Much of the controversy at present about the 
nature of hyaline membranes centres on the assump- 
tion that the material present is derived from sub- 
stances in the air spaces or from the pulmonary 
capillaries. Considerable evidence has been pre- 
sented in favour of one or both explanations. 
Farber and Sweet (1931) first proposed an origin 
from the contents of the amniotic sac and changed 
the name of the lesion, hyaline membrane (Johnson 
and Meyer, 1925) to vernix membrane. Claireaux 
(1953) published the results of experimental studies 
in favour of an origin from aspiration of epidermal 
material. More recently it has been suggested that 
thromboplastic substances from the liquor aid 
in the formation of fibrin from an exudate from the 
capillaries (Laufe and Stevenson, 1954). 

Emphasis has been placed on the exudate hypo- 
thesis by the claims of Gitlin and Craig (1956) 
that membranes are composed largely of fibrin. 
These workers used a fluorescin labelled antibody 
for fibrin and showed that membranes in treated 
sections were brightly fluorescent. Confirmation 
of the presence of fibrin has been afforded by van 
Breemen, Neustein and Bruns (1957) who studied 
thin sections of membranes with an electron micro- 
scope. Brown (1959) has stated that the evidence 
for fibrin is incontrovertible. It should be realized, 
however, that neither of the techniques proves 
that the membrane consists of nothing but fibrin. 
The presence of some of it is not disputed, but we 
believe that it results from exudation after loss of 
the normal epithelial lining and is only a small 
component of the membrane. 

The reported incidence of hyaline membranes 
from different centres shows some variation but 
there is a remarkable difference between that in 
South India (Hadley, Gault and Graham, 1958) or 
Vietnam (Tran-Dinh-De, 1959) and, for example, 
Melbourne. Thus Hadley et al found only 
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one case in 215 neonatal deaths and frem discussion 
with Tran-Dinh-De we estimate our incidence to be 
some 20 times greater than his. At present there 
is no explanation for these differences.. 

Experimental methods have not reproduced the 
disease in a manner corresponding to its occurrence 
in the human. Bruns and Shields (1954) have, 
however, produced what are apparently hyaline 
membranes in the guinea-pig lung after prolonged 
exposure to oxygen. These workers state that the 
membranes form as a result of epithelial necrosis 
in bronchioles. Their observations on the deriva- 
tion of membranes so produced is in accord with 
our own in premature infants. 

It is attractive to suggest that a noxious substance 
is the cause of the necrosis in this disease but the 
evidence for oxygen poisoning in the human pre- 
mature infant, exposed for short periods, is in- 
complete. 

Summary 


Detailed microscopic study of the tungs of 
premature infants affected by hyaline membrane 
disease shows that the membranes result from epithe- 
hal cell necrosis in respiratory bronchicies and form 
in situ. 

A description of 133 cases of hyaline membrane 
disease including clinical features is presented. 
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PATENT DUCTUS ARTERIOSUS IN INFANCY 
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In a report on 1,000 autopsies performed on 
patients cying of congenital heart disease, Abbott 
(1937) fownd that the principal lesion was a patent 
ductus arteriosus in 282 patients; 20°% of these 
were infam deaths. 

Subsequently numerous reports have stressed 
that while this abnormality can prove fatal during 
the first year of life, surgery in skilled hands offers 
an effective remedy at this age with negligible risk 
(Ziegler, 152; Rudolph, Mayer, Nadas and Gross, 
1958; Bauersfeld, Adkins and Kent, 1957). 

Accurate diagnosis, however, may be difficult 
in infants. The classical continuous murmur so 
frequent wm the older child (Hay and Ward, 1956) 
may not. o# heard, and interpretation of the signs 
which d> present is not easy. In addition, the 
many complex cardiac abnormalities which are 
seen in in-ants give rise to special problems in 
differential diagnosis. 

In this saper the clinical findings and results 
of ancillary. investigations are analysed in 28 infants 
in whom patent ductus arteriosus was the sole 
cardiac leson. 





Clinical Findings 

Symptoms and Physical Signs. The principal 
features of zach case are set out in Table 1. Twenty- 
three ba>ies presented with dyspnoea and 21 had 
‘had broncnitis. Recurrent respiratory infections 
often severe and accompanied by marked breath- 
lessness caased concern in 13 babies (46%); dys- 
pnoea, aceentuated by feeding or crying, was 
common it this group and all 13 were under weight 
when first seen. 

Heart faure as evidenced by peripheral oedema, 
hepatomegaly and lung crepitations occurred in 
four cases Cases 1, 2, 11 and 14); in three it was 
precipitatec by bronchopneumonia. 

The ‘waserhammer’ character of the pulse was 
noted in af cases and often provided the first clue 
to the diagnosis. It was not always easily detected 
at the wrx, particularly in the restless infant, but 
was always readily felt in the tibial vessels at the 
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“%) the waterhammer 


ankle. In 17 infants (60 
quality was very impressive. 

A systolic thrill was noted in 12 cases (43%) and 
this was usually localized to the pulmonary area. 
A murmur which began after the first sound and 
which extended through the second sound into 
diastole was audible in 22 babies (78%) The 
classical ‘machinery’ quality was rare, though a 
low-pitched systolic rattle was often heard. The 
murmur extended into diastole for a variable 
period but was seldom as long as the typical 
murmur in older children. We have, nevertheless, 
defined this murmur as being continuous because it 
continues through the second sound from systole 
into diastole as Gibson (1900) originally defined it. 
The continuous murmur was confined to the second 
left intercostal space, but the systolic element was — 
widely conducted and sometimes even louder in the 
third or fourth left intercostal spaces close to the 
sternal edge. In the remaining six cases a con- 
tinuous murmur was not present and the point of 
maximal intensity of the systolic murmur was 
difficult to determine. An independent apical 
mid-diastolic murmur was recorded in 18 infants 
(64%). Four of these had no continuous murmur 
and the diastolic murmur was the most striking 
one; catheterization was done in three of these 
four cases and all three had marked pulmonary 
hypertension. 


Radiography. Standard antero-posterior and 
oblique films were taken in all cases. Pulmonary 
plethora associated with some degree of cardiac 
enlargement was present in all. The cardiac 
contour was not in any way characteristic, though 
14 infants (50%) showed a well-defined pulmonary 
arc. Selective enlargement of the left ventricle 
was suggested in 18 (64%), and of the left atrium 
in seven (25%). 


Electrocardiography. Standard and unipolar limb 
leads as well as four praecordial leads (V3R, VI, 
V3 and V6) were recorded in all cases. Inter- 
pretation was based on Ziegler’s (1951) criteria. 
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Vertical or semi-vertical electrical position was 
usual: only one horizontal heart was found. The 


electrical axis was normal in 23 (82 4), four showed 


right axis deviation and one left axis deviation. There 
was evidence of left atrial enlargement in four 
patients. In 13 (46%) ventricular activity was 
normal. Left ventricular hypertrophy was evident 
in 11 records (40%), always with an isoelectric 


S.T. segment and a normal upright T wave in the 


left ventricular leads. Combined right and left 
ventricular hypertrophy. was recorded in four 
cases (14%) while isolated right ventricular hyper- 
trophy was present in only one (Case 19). 
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the right ventricle with normal activity in left 
ventricular leads and deep Q waves. in. leads 111 
and aVF was recorded in eight cases (28° zh mal 
of these the duct measured 7 mm. or more (Cases ` 
1, 6, 8, 11, 12, 15, 22 and 28). and in three there 
was marked pulmonary ‘hypertension (Cases 1, 
6 and 15). | = 

The prevalence of dete: Q waves. in this series. a 
was an interesting feature. -They z were invariably 
present in lead V6, measuring 3 mm. or more in 
12 instances (43° ty. Twenty-t ree infants (80 yA ae 
showed a deflection of 3 mm. or more in either lead ~— 
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 -‘Blectrocardiogram 
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 Speeial ‘nvestigations. 


Vi and V6 are tabulated 


Cardiac catheterization 


was performed i in four of the 28 infants (Cases 1, 6, 
15 and {7) in whom the diagnosis remained un- 
certain after clinical, electrocardiographic and 
~ radiographic examination (Table 2). All had 
marked pulmonary hypertension and in three (Cases 
ERS and 15) the greatest difference between the 
pulm nary artery and aortic pressures during 
? sedation was 4 mm. Hg. In one of these there was 








= Left ventricle, P.D.A. = Patent ductus arteriosus, 
evidence of a left to right shunt through the ductus 
but in the other two the diagnosis was confirmed 
by passing the catheter into the descending aorta. 

Venous angiocardiography was carried out in 
one (Case 3) when the catheter could not be ad- 
vanced into the pulmonary artery. This showed 
dilatation of the left pulmonary artery with dilution 
of the contrast medium in the artery at the site of 
entry of the patent ductus. 


Treatment 
When heart failure was present it was treated 
with digoxin and diuretics. Pulmonary infections 


468 


ARCHIVES OF DISEASE IN CHILDHOOD 


TABLE 2 
CARDIAC CATHETERIZATION 





Oxygen Saturation (%) 


` x 3 n è 
: -Fall in Pressure m 
Diameter of Puimogary Artery 








Cases rm i nn fn Ductus | after Clamping Ductus 
ON ve rat O oa an a S T 
1 R.D.) | 63 63 | 80 | 93 | 14 | 34 
6 (LW.) 46 | 8 | 92 | 7 | 10 
15 (S.B.) 58 | 58 | 69 | 132 | os | 14 | 14 
17 R.W) | 50 84 | not entered | | not entered | 10 not measured 
S.V.C. = Superior vena cava P.A.T. = Pulmonary iiy trunk 


were treated with antibiotics. All the patients 
responded satisfactorily to treatment and operation 
was never performed in the presence of heart 
failure or infection. 

The ductus was either 
depending on its size, in 24 of the 28 infants. There 
were no deaths and closure was incomplete in only 
one infant in whom the duct was found to be broad 
and frail. The age at operation and minimum 
external diameter of the ductus is tabulated (Table 1). 

The remaining four infants (Cases 9, 12, 14 and 19) 
died while awaiting admission for further assessment 
and operation. Two of these had other serious 
abnormalities (one, Case 14, had Albers-Schoénberg’s 
disease, and the other, Case 9, had Möbius’ syn- 
drome); one, Case 19, developed fulminating 
gastroenteritis, and the fourth baby, Case 12, 
developed bronchopneumonia at home and died. 


Differential Diagnosis 


In the majority of infants patency of the dictis 
may be differentiated from other lesions with con- 
fidence after clinical examination, radiography, 
electrocardiography and phonocardiography. In 
some babies, on the other hand, a large patent 
ductus may present without any of the typical 
signs and differential diagnosis is difficult. The 
lesions with which patent ductus arteriosus is 
most commonly confused in the early months of life 
are persistent truncus arteriosus and ventricular 
septal defect. Another important consideration is 
that a patent ductus may be compensating for a 
more serious underlying. lesion and this possibility 
must always be borne in mind. 

The following case summaries are detailed to 
illustrate the problems involved in the diagnosis 
of patent ductus arteriosus. The first two cases 
(Case 2 and Case 1) show that the clinical picture 
of a small ductus without pulmonary hypertension 
differs widely from that of a large ductus with 


ligated or divided, 


pulmonary hypertension at systemic level. The 
third case shows how even when the ductus is 
compensatory it may dominate the clinical picture. 
The fourth case shows how closely persistent 
truncus arteriosus may resemble patent ductus 
arteriosus in the first few months of life. 


B.L. Case 2. Small patent ductus. Normal delivery 
followed an uncomplicated pregnancy. The birth weight 
was 7 Ib. 4 oz. Bronchopneumonia at 2 weeks of age 
led to admission to hospital, where heart failure was 
diagnosed in addition to pneumonia. Improvement 
followed therapy with penicillin and digoxin. He was 
transferred to this clinic when 34 weeks old. At that 
time he weighed 5 Ib., was poorly nourished and had 
slight dyspnoea at rest. There was a waterhammer 
arterial pulse and a continuous murmur in the pul- 
monary area with an independent apical mid-diastolic 
murmur. Phonocardiography showed that the murmur 
began after the first sound, reached a late systolic 
crescendo and extended without interruption into early 
diastole (Fig. 1). Both aortic and pulmonary valve 
closure were clearly recorded in the second left inter- 
costal space. The heart was enlarged radiologically 
(C.T. ratio 0-68) with selective enlargement of the left 
atrium and there was pulmonary hyperaemia. The 
electrocardiogram was normal. 

At thoracotomy a patent ductus arteriosus of minimal 
external diameter 6 mm. was transfixed and ligated. 
Progress since then has been entirely satisfactory. The 
child is gaining weight well and has no dyspnoza. His 
heart sounds are normal and there are no reurmurs. 

CoMMENT. In this case the clinical, radiographic, 
electrocardiographic and phonocardiographic appear- 
ances were typical of a patent ductus which was con- 
firmed at thoracotomy. : 


R.D. Case 1. Large patent ductus arteriosus with 
marked pulmonary hypertension. This male infant 
was born by normal delivery after eight menths of un- 
complicated pregnancy and weighed 5 Ib. 13 oz. at 
birth. Normal respirations developed spontaneously 
and his general condition seemed satisfactory. Heart 
failure developed on the third day of life and a loud 
systolic murmur was noted. _ 
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Fig. 1—Phonocardiogram recorded ork second left interspace 


showing continuous murmur with late systolic accentuation. 





When ‘irst seen at this clinic on the 12th day of life, 
his condition had improved following digoxin therapy 
though dyspnoea and moderate oedema of the extremities 
persisted, and some fine crepitations were noted at the 
base of the right lung. The arterial pulses were regular 
and of Tall volume. A long systolic murmur of low- 
pitehe wed, blowing quality was heard in the pulmonary 
: area anddown the left sternal edge, the point of maximum 
intensity being uncertain. No diastolic murmur was 
heard. 

Radiography owi marked generalized cardiac 
enlargement and increased pulmonary vascularity. 

Electrocardiography showed right axis deviation, a 
vertical heart and large R/S deflections over the right 
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diastolic overload, though the height of the R waves 
were within normai limits (R V6 4mm.). A provisional 
diagnosis of ventricular septal defect was made. 

ProGress. The signs of congestive failure gradually 
disappeared with continued digoxin therapy. Dyspnoea 
persisted and at 6 weeks the infant weighed only 
5 Ib. 10 oz. He was seen regularly in the clinic and his 
progress over the next two years was punctuated by 
monthly attacks of bronchitis, occasional cyanotic 
episodes, usually associated with feeding difficulties, and 
persistent moderate dyspnoea at rest. He gained weight 
slowly and was only 23 Ib. at 2 years. He did not stand 
with support until he was 2 years old and had not begun 
to walk at that age. The clinical signs in the cardio- 
vascular system varied little throughout this period. 
The arterial pulses were always of full volume and a 
waterhammer quality was occasionally recorded. The 
systolic murmur persisted and latterly was accompanied 
by a faint systolic thrill in the second and third left 
intercostal spaces. The second sound in the pulmonary 
area was accentuated and finely split. 

Cardiac enlargement was a constant radiological 
finding but became relatively less marked with age. The 
pulmonary arc became more clearly defined after the 
second month. A moderate degree of pulmonary 
plethora persisted. 

In the electrocardiogram the pattern of the precordial 
leads varied little; the amplitude of the individual 
deflections showed occasional fluctuations, but these 
were never constant in apy one direction. At the age 
of 2 years left ventricular overactivity was still indicated 
by large S waves in the right ventricular leads (S V1 
25 mm.). By this time right ventricular hypertrophy 
was also suggested (R Vi 20 mm.), and impressive Q 
waves had developed in standard lead 111 and unipolar 
limb lead aVF. These Q waves first appeared when the 
child was 3 months old and gradually became deeper. 

The diagnosis was established when the child was 
2 years old by cardiac catheterization, the descending 
aorta being easily entered through a large patent ductus. 
There was little change in pressure when the catheter 
was withdrawn from the aorta to the pulmonary artery 





ventricle (R V3R 15 mm., S V3R 16 mm.). In the left and oxygen saturation figures failed to show a left to 
ventricular leads tall T waves suggested left ventricular right shunt at pulmonary artery level when the child 
DUCTUS DUCTUS 
OCCLUDED OPEN 
28 140... 
RA. al RE Yo _ 
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Fic. 2.—Fressure tracing from pulmonary artery at thoracotomy in Case 1, showing fall in pulmonary artery pressure after occlusion 
of the ductus. 


470 





PULMONARY 
ARTERY > $ 


RIGHT > 
VENTRICLE 






| Lt 
SUL UE 
2,4; 4 12 ee es ae RLA Oe ce oe 
| A TET 
6H Peed ery 
O- EIE nes 


Fig, 3,—Pressure tracing showing normal pressures in pulmonary 
artery and right ventricle in Case 1, 13 months after operation. 
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FIG. 4,---Electrocardiogram showing increased R and S waves in 
V3R and VI with a normal R wave in V6, a pattern commonly seen 
in large patent ducts with marked pulmonary hypertension. 


was sedated at catheterization (Table 2). Thoracotomy 
was recommended and a 14-mm. ductus was found. 
The pressure in the pulmonary artery fell markedly 
after clamping of the duct (Fig. 2) which was then 
divided. 

The child’s general condition rapidly improved 
following operation and breathlessness became less 
marked. His subsequent progress has been excellent 
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with marked increase in activity; he has gained weight 
more quickly and has been completely free from attacks 
of bronchitis. | 

Recatheterization performed 13 months after operation 
showed a normal right ventricular and pulmonary artery 
pressure (Fig. 3). Chest radiographs show some pul- 
monary hyperaemia but the heart size is now normal. 
The electrocardiogram has also reverted to normal 
though prominent Q waves persist in leads H, 111, and 
aVF. 

COMMENT. This case illustrates how a large patent 
ductus arteriosus with pulmonary hypertension at 
systemic level may be mistaken for a more sericus lesion. 
This led to delay in carrying out special investigations 
which enabled the diagnosis to be made. 

Three other infants in this series (Cases 6, 14 and 15) 
presented similar features and catheterization estab- 
lished the diagnosis in two (Cases 6 and 15, Table 2). 
All three were dyspnoeic, under weight and suffered from 
recurrent pulmonary infections. All had ‘waterhammer’ 
pulses of a variable degree and two had apical mid- 
diastolic murmurs. All showed similar electrocardio- 
graphic records (Fig. 4), and all had some cardiac 
enlargement and pulmonary plethora. In these three 
babies the clinical signs were inconclusive and the results 
of routine investigations equivocal. It seems that all 
such obscure cases should be catheterized at an early 
age if surgical treatment is to be performed while the 
pulmonary hypertension is still completely reversible. 


D.G. Compensatory Patent Ductus Arferiosus. This 
infant was the first of binovular twins born by breech 
delivery at full term. She then weighed 4 Ib. 12 oz. 
Late pregnancy had been complicated by moderate 
toxaemia. There was a history of breathlessviegg, since 
birth, but cyanosis had not been noticed. Pulmonary 
infection occurred during the third week of hfe and 
cardiac failure developed. 

On admission to this clinic at 3 weeks of age the infant 
was pink and breathless with oedema of feet, arms and 
eyelids. The arterial pulse was waterhammer in character 
and a long systolic thrill was present in the pulmonary 
area. There was a long rattling systolic murmur extend- 
ing into early diastole in the pulmonary area and an 
independent. mid-diastolic murmur at the apex. | 

Radiography showed marked cardiac enlargement 
(C.T. 0-72} and moderate pulmonary hyperaemia 
(Fig. 5). | 

Electrocardiography showed right atrial enlargement 
(P2 = 3 mm. peaked) with low voltage complexes in 
V3R and Vi and left ventricular hypertrophy with 
depression of the S-T. segments and inverted T waves 


in V5 and V6. 


Treatment with digoxin and diuretics was followed by 
some improvement, but feeding remained difficult and 
she did not gain weight. Heart failure persisted despite 
treatment. Thoracotomy was therefore recommended 
when she was 6 weeks of age and a 6 mm. patent ductus 
was ligated. Following operation the infant’s condition 
deteriorated still further and she died 12 hours later. 
Autopsy showed tricuspid atresia. 
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Fic. 5.—Radiceraph showing plethoric lung fields in case of tricuspid 
atresia with overcompensating patent ductus arteriosus. 
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ComMeNT. This case illustrates the extent to which 
a patent ductus arteriosus may completely dominate 
the clinical >icture even though it is compensating for 
a lesion which causes pulmonary oligaemia. 

Our expemience of such dominance is, however, 
limited to tricuspid atresia, for all our babies with Fallot’s 
tetralogy ani pulmonary atresia with a patent ductus, 
have shown aot only central cyanosis, but also normal or 
diminished pulmonary vascularity. 

The fact that heart failure did not respond to medical 
treatment in his infant and the presence of left ventricular 
strain in the electrocardiogram should have made the 
diagnosis of a simple patent ductus arteriosus suspect. 
In a subsequent similar case attention to these findings 
enabled us te diagnose the same combination of defects, 
which were ubsequently proved at autopsy. 


D.E. Case of Persistent Truncus Arteriosus. This 
premature imfant was born by normal delivery after 
eight monthsuncomplicated pregnancy. Initial progress 
was Satisfacory, but increasing breathlessness was 
noted from he 5th week. On admission to this clinic 
when 11 weeks old she was pink and moderately dys- 
pnoeic at res. The waterhammer quality of the arterial 
pulse was stmking. Blood pressure was 120/0 mm. Hg. 
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A continuous murmur was heard in the pulmonary area 
and there was an apical mid-diastolic murmur. Phono- 
cardiography confirmed these findings, but the second 
sound was not seen owing to the high amplitude of the 
murmur. 

Radiologically the heart was enlarged (C.T. ratio 0-75) 
the oblique views showed selective left ventricular 
enlargement, and there was increase in the pulmonary 
vascularity. 

The electrocardiogram showed left ventricular hyper- 
trophy with | mm. S-T depression and T wave inversion 
in leads V5 and V6. Right ventricular activity was 
within normal limits. 

The diagnosis of patent ductus arteriosus was made 
and thoracotomy recommended. At operation, how- 
ever, a persistent truncus arteriosus was found. The 
infant’s condition deteriorated rapidly during explora- 
tion of the chest; ventricular fibrillation developed 
and she died. 


COMMENT. In this case clinical examination sug- 
gested a patent ductus arteriosus. The picture was, 
however, incomplete because splitting of the second 
sound in the pulmonary area was neither audible nor 
clearly seen on the phonocardiogram and left ventricular 
systolic overload in the electrocardiogram was an unusual 
finding in patent ductus arteriosus in infancy. 

This infant is one of a group of 10 cases of persistent 
truncus arteriosus seen at this clinic. Although cyanosis 
was prominent in half of these babies the other five 
were pink when first seen and presented many of the 
typical features of patent ductus arteriosus. The five 
acyanotic infants had markedly collapsing pulses and 
two of them had continuous basal murmurs with in- 
dependent apical mid-diastolic murmurs. Radiographic 
and electrocardiographic appearances were similar to 
those seen in patent ductus arteriosus. These acyanotic 
infants had severe symptoms and after observation for a 
few weeks slight cyanosis with feeding became evident 
and led to further investigation in all except the case 
described. In two cases, cardiac catheterization 
demonstrated a left-to-right shunt at pulmonary artery 
level, but venous angiocardiography failed to reveal the 
common truncus and patent ductus arteriosus was 
wrongly diagnosed; both these patients died at thoraco- 
tomy. In the other two cases selective angiocardio- 
graphy with injection of dye into the right ventricle 
outlined the common trunk and thoracotomy was 
avoided. 

Slight cyanosis after crying or feeding is an extremely 
important feature in these cases. Angiocardiography 
is required to make the diagnosis, for cardiac catheteriza- 
tion alone may fail to indicate the ventricular septal 
defect which is always present with persistent truncus 
arteriosus, and the increased oxygen level in the blood 
in the common trunk suggests patent ductus arteriosus. 
If the right ventricular pressure is at systemic level and 
the catheter is not passed through a ductus into the 
descending aorta persistent truncus arteriosus should be 
suspected and selective angiocardiography should be 
performed. 

Signs of left ventricular systolic overload in the electro- 
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cardiogram occurred in three cases of truncus arteriosus, 
but none of the patent ducts, so this should always 
suggest the possibility of truncus arteriosus. If phono- 
cardiography shows two sounds due to the mdependent 
closure of the aortic and pulmonary valves, persistent 
truncus arteriosus is eliminated. 


DISCUSSION 


Diagnosis 


Clinical Signs. Most authors have emphasized 
the value of the bounding or brisk peripheral 
pulses and wide pulse pressure in the diagnosis of 
patent ductus arteriosus, though varying emphasis 
is based on their importance. This characteristic 
pulse persists even during tachycardia or heart 
failure, as long as the dominant shunt is from 
aorta to pulmonary artery (Ziegler, 1952). When, 
however, complete reversal of flow through the 
ductus occurs the pulses are of normal or small 
volume (Anderson, Adams and Varco, 1956). 
Complete reversal of flow is rare in infancy so the 
waterhammer pulse frequently provides an early 
clue to diagnosis. It was present in all our cases 
and we agree with Reinhold (1958) that it is the 
most important diagnostic sign. There is usually 
a wide pulse pressure, the aortic diastolic pressure 
being low; nevertheless, waterhammer pulses were 
also prominent in those infants with marked pul- 
monary hypertension; this is probably because the 
ductus in such cases is a large one and a significant 
left-to-right shunt still occurs even though the 
pulmonary artery pressure is very close to the 
systemic pressure. Indeed, in the presence of 
marked pulmonary hypertension a waterhammer 
pulse may be the only clinical sign which suggests 
a diagnosis of patent ductus arteriosus. 

Waterhammer pulses may occur in conditions 
other than a patent ductus arteriosus, but the most 
marked examples of such pulsation were observed 
in acyanotic infants with persistent truncus 
arteriosus. 

The proportion of cases with a continuous 
murmur varies considerably in published reports 
of series of patent ductus arteriosus. This may be 
due in part to the varying number of infants with 
marked pulmonary hypertension in each series. 
In addition, the interpretation of the term ‘con- 
tinuous murmur’ varies; it is used in this clinic 
when the murmur continues through the second 
sound into diastole regardless of its duration in 
diastole. In our series all cases uncomplicated by 
marked pulmonary hypertension did have a con- 
tinuous murmur when first seen, the youngest 
being 24 days old (Case 2). The typical machinery 
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qualities of the murmur were uncommon, but a 
characteristic systolic rattle or crackle as described 
by Keith, Rowe and Vlad (1958) was often heard. | 

A mid-diastolic murmur, attributed to increased 
flow through the normal mitral valve, was a common 
finding and gave rise to triple rhythm at the apex. 
Since in some infants this may be the most striking 
praecordial murmur, even in the presence of marked 
pulmonary hypertension, its presence should always 
suggest the possibility of patent ductus arteriosus. 
An identical murmur, however, may occur in 
association with ventricular septal defect, persistent 
truncus arteriosus, aorto-~pulmonary window and 
congenital mitral stenosis. 

Of particular interest are the three patients 
(Cases 1, 6 and 15) in whom the pulmonary artery 
and aortic pressures were so close. All these 
patients showed a fall in pulmonary artery pressure 
when the ductus was clamped at operation and all 
have done extremely well since operation. In the 
one which has been recatheterized, the right ven- 
tricular and pulmonary artery pressures are normal 
and there is no evidence of a shunt. This illus- 
trates that despite almost balanced pressures in the 
pulmonary artery and aorta, the pulmonary artery 
pressure could revert to normal after treatment 
and that the factors contributing to the marked 
hypertension were completely reversible. We do 
not know when irreversible changes may develop 
in such a case, but it seems that the earlier the diag- 
nosis is established and treatment carried out the 
more likely is a complete cure. We stresas „then 
the importance of finding a collapsing pulse in an 
acyanotic patient who may or may not have an 
apical diastolic murmur, who has pletheric lung 
fields on the radiograph and electrocardiogram 
changes described in Case f. Catheterization 
should be carried out in the hope of finding a patent 
ductus arteriosus. 


Phonocardiography. Experience with recent cases 
in this clinic has confirmed the findings of Reinhold 
and Nadas (1954) in the older child and convinced 
us of the value of phonocardiography. The 
graphic record illustrates the onset of the murmur 
after the first sound and its late systolic accentuation, 
and confirms its uninterrupted extension into 
diastole (Fig. 6). Though the loud murmur may 
mask the second heart sound at the base of the 
heart, exploration of the whole precordium is 
worth while as the separate closure of the aortic 
and pulmonary valves can often be recorded from 
the lower sternal edge (Fig. 6). The demonstration 
of these two independent sounds is important in the 
exclusion of a persistent truncus arteriosus. 
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Fio. 5.—~Phowocardiogram showing continuous murmur. The two 
components othe second heart sound were best recorded at the left 
sternal edge. 


Radiogrephy. Some cardiac enlargement and 
pulmorifty. plethora is invariable and left ventricular 
or left atric! enlargement common. The pulmonary 
arc is often prominent after the early months of 
life and both this vessel and the aortic knuckle 
pulsate vigorously on screening. These appear- 
ances, though frequent in patent ductus arteriosus, 
are also fcund in other lesions, particularly ventri- 
cular septa: defects. 





Electrocardiography. The electrocardiogram may 
be within normal limits even though the child has 
symptoms and there is convincing clinical and 
radiologice! evidence of a left-to-right shunt (Cases 
1, 8 and 22) or marked pulmonary hypertension 
(Dammenn and Sell, 1952). In most cases, how- 
ever. the electrocardiogram is abnormal. In this 
series, evicence of isolated left ventricular hyper- 
trophy was the commonest finding. Isoelectric S-T 
segment ard upright T waves of normal or increased 
amplitude were always present in the left ventricular 
leads. in scontrast, T wave inversion with or without 
S-T depression appeared in two cases of persistent 
truncus arteriosus and in both patients in whom 
tricuspic acresia accompanied patency of the ductus. 
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Though left ventricular strain may occur tn older 
children with large uncomplicated patent ducts 
(Cosh, 1957; Hay and Ward, 1956), when it is 
thought to be due to coronary insufficiency, its 
presence in infancy makes us suspect some other 
lesion. 

isolated right ventricular hypertrophy was seen 
in only one case (Case 19). Clinical examination 
of this patient did not suggest either the presence of 
marked pulmonary hypertension or an associated 
pulmonary stenosis. Unfortunately the child died 
from fulminating gastroenteritis and autopsy was 
not allowed. Bauersfeld et al. (1957) have, how- 
ever, reported the presence of isolated right ventri- 
cular hypertrophy in patent ductus arteriosus 
without pulmonary hypertension or pulmonary 
stenosis being present. 

Rudolph et al. (1958) stated that combined 
ventricular hypertrophy frequently occurs in infants 
with patent ductus arteriosus and this was present 
in four of our cases (Cases 1, 3, 12 and 15). In 
these records, left ventricular hypertrophy was 
diagnosed because of the deep S waves in V3R 


and VI; the R wave in V6 was not increased in 
amplitude. The three infants who were proved at 


cardiac catheterization to have marked pulmonary 
hypertension showed this pattern on the electro- 
cardiogram and in all three the Q waves were deep 
in leads 111 and aVF. Unfortunately, all the large 
ducts have not shown these features and identical 
records have been found in ventricular septal 
defects. Nevertheless, when these electrocardio- 
graphic changes occur in an infant the possibility 
of patent ductus arteriosus should be considered. 

Deep Q waves are a common feature in infant 
records in leads 111 and aVF occurring in 40% 
of normal infants. Nevertheless, deep Q waves 
occurred in 80° of the infants who had patent 
ductus arteriosus and their presence may be of 
help in differential diagnosis as they are in the adult 
patient with a patent ductus arteriosus accompanied 
by marked pulmonary hypertension (Wood, 1958). 

Right bundle branch block patterns have been 
reported in infants with patent ductus arteriosus 
(Ziegler, 1952; Nadas, 1957), but did not occur in 
our series. 


Cardiac Catheterization. This procedure is as 
safe in infancy as in older patients. Over 50 infants 
have been catheterized in this clinic without any 
complication. 

Catheterization was done only when the diagnosis 
could not be established after clinical, radiographic 
and electrocardiographic examination. In such 
cases the pulmonary artery pressure is usually at or 
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near systemic level. The diagnosis of patent ductus 
arteriosus is often established by passing the 
catheter through the ductus, which is usually large 
in such cases, and the presence of a left to right 
shunt and any right to left shunt can be confirmed 
by blood oxygen estimations. If, however, the 
pulmonary artery pressure is at systemic level and 
the catheter cannot be passed through a ductus 
or enters a branch of the aorta, usually the right 
subclavian artery, then further investigation by 
angiography or aortography is required to differ- 
entiate the lesion from patent ductus arteriosus, 
aortopulmonary window or a high ventricular septal 
defect in which there was no rise in oxygen satura- 
tion at ventricular level. 


Angiography. Venous angiocardiography will 
demonstrate dilution of dye in the pulmonary 
artery when a patent ductus arteriosus or aorto- 
pulmonary window is present if there is a left to 
right shunt. It may, however, fail to outline a 
common truncus adequately and has largely been 
replaced in this unit by selective angiocardiography. 


Aortography. Injection into the brachial artery 
may show a shunt from aorta to pulmonary artery 
but fail fo outline a common truncus. Retrograde 
aortography when the dye is injected through a 
catheter with the tip lying above the aortic valves 
is probably the best way of differentiating the various 
lesions when the right ventricular pressure is at 
systemic level. This investigation has a 4% 
mortality (Bauersfeld eż al., 1957) and has not been 
used in this clinic. 


Treatment 


It is generally accepted that patent ductus arterio- 
sus should be treated surgically. If symptoms are 
severe early operation is essential. In the absence 
of symptoms, Carter and Waterston (1951) advise 
operation shortly before children start school. 
We favour earlier surgery when the diagnosis is 
established in infancy and have advised operation 
in this age group even though the infants have few 
symptoms. Spontaneous closure of the ductus 
is rare, recurrent bronchitis is common, and growth 
and physical development are often retarded. 
Infants tolerate operation very well and seem less 
disturbed by admission to hospital than toddlers 
and young children. 

When the ducts are small they are doubly ligated 
and in addition transfixed; when large (over 10 mm.) 
they are divided. 

It is important that operation should not be 
undertaken during a respiratory infection or in the 
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presence of heart failure. Even when the ductus 
is large the patient responds te treatment with 
digoxin and diuretics, and it is our experience that 
if congestive cardiac failure persists after medical 
treatment there is some other lesion present. 


SUMMARY 


The findings in 28 infants in whom a patent ductus 
arteriosus was the sole cardiac abnormality are 
reviewed in an attempt to define the clinical features 
in infancy and to assess the value of routine radio- 
graphy and electrocardiography. | 

The different clinical findings in small and large 
patent ducts are illustrated and the similarity of 
this lesion to some cases of persistent truncus 
arteriosus in the early months of life is described. 
The pitfalls caused by an overcompensating ductus 
are discussed. 

The indications for cardiac catheterization and 
angiocardiography and their value in differential 
diagnosis are also considered. The problems of 
surgical treatment are mentioned. 


We are indebted to Professor J. D. Hay for his advice 
and criticism of this paper, to Mr. F. R. Edwards and 
Mr. B. J. Bickford who operated on these cases, and to 
anaesthetists, Dr. G. J. Rees and Dr. A. Stead. We 
are also grateful to Dr. Norah Walker and Dr. C. M. 
Davies for their help in interpretation of the radiographs 
and angiocardiograms. 
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Althcugh hamartomas of the lungs are not 
common, they cannot be considered as pathological 
curiosities. Several cases have been reported in 
recent years (Harris and Schattenberg, 1942; Jones, 
1949: Thomas, 1949; Timossi, 1955; Lima, Zerbini 
and Bittencourt, 1955; Gottschalk and Abramson, 
1957; Galvez Fermin, 1958: Cornéa, Dichter, 
Gamentay and Mindru, 1959; Bain, 1959). One 
variety of hamartoma of the lung, namely congenital 
cystic disease of the lung, has received an increasing 
atrount of attention since Koontz (1925) collected his 
large series of cases. Ch’in and Tang (1949) coined 
the expression ‘congenital adenomatoid malforma- 
tion’ “cr this condition. They found descriptions 
of 10 cases in the literature up to that time and added 
one case of their own. 

A comprehensive review of the literature was made 
by Craig, Kirkpatrick and Neuhauser (1956). They 
mentiened the 11 cases in Ch'in and Tang’s paper, 
11 other cases and added four of their own. Coffee 
(1956) also reviewed the position at that time. 
Since then, one case by Goodyear and Shillitoe 
(1959) and four cases by Herrmann, Jewett and 
Galetti (1959) have been reported. These workers 
distinguished between those cases which present 
clinically in early neonatal life with cyanosis and 
these which present later with signs of infection. 
This report is concerned with a case of congenital 
cystic disease of the lung which was accompanied 
by hypoplasia of the entire remaining lung tissue 
and in which a tension pneumothorax occurred 
following attempts at resuscitation. 


Case Report 


Clinica! History. The mother was 26 years of age and 
had hed one previous normal pregnancy. Her general 
health was geod. During pregnancy the only abnor- 
- mality detected was hydramnios at about 27 weeks. 

The onset of labour was spontaneous and occurred 
at the ead of the 28th week. The duration of the first 


Stage was one hour and of the second stage 20 minutes. 
The presentation was vertex and delivery was spon- 
taneous. 

At birth the child was oedematous, cyanosed and 
apnoeic. Attempts at resuscitation were followed by 
only two or three shallow gasps. 


Radiological Investigation. 


ANTENATAL EXAMINATION. The patient was referred 
for radiological examination (to exclude foetal abnor- 
mality or twin pregnancy) on September 22, 1959; the 
height of the fundus corresponded to that normally 
expected at 34-35 weeks; by dates, the maturity was 27 
weeks. One foetus was present in a vertex L.O.A. 
position, with evident hydramnios in considerable 
degree. The foetal stature corresponded to that expected 
for a maturity of 27-28 weeks. The attitude of the 
foetus, both of the trunk and the limbs, was reminiscent of 
that often found in hydrops foetalis and at least suggested 
the presence of some foetal abdominal distension. 

POSTNATAL EXAMINATION. Radiographs (Figs. 1 and 
2) were taken of the whole infant shortly after its death 
which occurred at 10 minutes after birth. It was evident 
that air had been both swallowed and inhaled. There 
was slight distension of the abdomen but this was not 
due to intestinal gas. The thorax presented most 
unusual appearances. There was a right pneumothorax 
with a complex loculated appearance peripherally. The 
margin of this pneumothorax extended well across to the 
left of the mid-hne and no pulmonary aeration was 
observed on either side. The volume occupied by the 
left lung was evidently much reduced. The cardiac 
outline could not be separately discerned. Thus the 
appearances bore some resemblance to those found in a 
tension pneumothorax on the right side, but the opacity 
due to the compressed lung was much greater than would 
be expected. 


Necropsy. This revealed a premature male infant 
weighing 1,550 g. whose crown-rump length was 28 cm. 
and crown-heel length was 39 cm. There was marked 
oedema of the arms and back and the abdomen was 
distended. There were no other abnormalities seen on 
external examination. The pleural sacs contained no 
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FiG. 1.—Radiograph. 
pneumothorax. 
the right lung, 


Antero-posterior view showing right-sided 
There is a cystic space containing air in the mass in 
The mediastinum is displaced to the left. 


excess fluid. There was a pneumothorax on the right 


side which was under tension. The pleurae were 
glistening. The larynx, trachea and main bronchi were 
normal. A large, firm, pink, nodular mass involved 


the upper lobe of the right lung (Fig. 3). On slicing, 
several cystic cavities were opened (Fig. 4). The mass 
was approximately three times the usual size of the right 
upper lobe. A probe could be passed from the right 
upper lobe bronchus into one of the cysts. The mal- 
formation was so large that it had herniated across the 
midline. The left lung and the middle and lower lobes 
of the right lung were hypoplastic. The pericardial sac 
contained no excess fluid. The heart was of the expected 
size and there were no congenital abnormalities of 
either the heart or great vessels but the organ was dis- 
placed to the left. There was a moderate excess of clear, 
yellow fluid in the peritoneal sac. The tongue, pharynx, 
oesophagus, stomach and intestines were normal. The 
liver was of the expected size and appeared macroscopi- 
cally normal. The bile passages were patent. The falx 
cerebri and tentorium cerebelli were intact. There was 
a small amount of blood diffusely spread in the sub- 
arachnoid space over both cerebral hemispheres and 
over the cerebellum. The brain and choroid plexuses 
were congested. The adrenals (each 1:5 g.), pituitary, 
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Air can be seen in the small 


Lateral view. 
intestine. 


FiG. 2,—Radiograph. 


a 


thymus and thyroid glands were normal. 
(each 8 g.) showed foetal lobulation. The ureters, 
bladder and external genitalia were normal. The 
placenta weighed 370 g. and measured 17 14 cm. 
The placental/foetal weight ratio was 1:4-1. There 
was a velamentous insertion of the cord. The mem- 
branes were complete. The placenta was not oedema- 
tous and appeared normal on slicing. 


The kidneys 


Histology. 

UPPER Lope OF RIGHT LUNG. The pleura showed 
little change. The mass consisted of innumerable small 
acini lined by a low cuboidal epithelium (Fig. 5). They 
were separated from one another by a loose connective 
tissue stroma which contained elastic fibres. Some 
larger cystic spaces lined by columnar epithelium were 
also present. These were surrounded by smooth muscle 
1-3 layers thick. These structures had the appearance 
of terminal bronchioles and some showed very marked 
dilatation (Fig. 6). There was no evidence of cartilage 
formation in the wall of any of the bronchial-like 
structures and no glands were present in their sub- 
mucosa. In a number of areas there were collections 
of several acini lined by tall, columnar, mucus-secreting 
epithelium (Fig. 7). The material in the lumen of these 
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Fic. 3.—Large mass replacing the upper lobes of the right lung. 
A ruptured cyst is seen in the centre. The left lung is extremely 
hypoplastic. 


structures gave a strongly positive reaction when stained 
by the periodic acid-schiff technique. The appearance 
of the mass was consistent with a diagnosis of congenital 
adenomatoid malformation. There was no subdivision 
of the mass into lobules. There was a sharp demarcation 
at the lower border of the mass between malformed 
_ tissue and adjoining hypoplastic lung (Fig. 5). A narrow 
connective tissue septum appeared to separate the one 
from the other. 

MIDDLE AND LOWER LOBE OF RIGHT LUNG. The 
pleura was healthy. The lobes showed marked hypo- 
plasia and were unexpanded. The bronchi, bronchioles, 
alveolar ducts and alveoli showed no structural lesion. 

LEFT LuNG. This lung was also extremely hypoplastic. 
The bronchial structure appeared to be normal. 

No lesion was found on histological examination of 
the other organs. 

Discussion 


Willis (1958) defined hamartomas as tumour-like, 
but primarily non-neoplastic malformations or 
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Fic. 4.—Section of the mass showing several large cysts. The 
middle and lower lobes of the right lung are hypoplastic. 


errors of tissue development. characterized by 
abnormal mixture of tissues indigenous to the part 
with excess of one or more of these. On these 
grounds he does not consider ‘chondromatous 
hamartomas’ of the lung to be malformations but 
true tumours. Nevertheless, cartilage-containing 





H. and E. x 26. 


plastic lung. 





Fic. 6.— Malformation showing large cystic spaces lined by respiratory 
epithelium and surrounded by some layers of smooth muscle. 
A focus of mucus secreting epithelium is present. H.and E. x 48. 


hamartomas are occasionally found in the lungs of 
infants. Jones (1949) described such a case in 
which there was an admixture of foetal lung tissue, 
cartilage and fibrous tissue which had replaced 
part of one lung of an infant. The appearances 
were not those of a neoplasm but of a malformation 
of lung tissue, and the author suggested that this 
was a true cartilage-containing hamartoma. As 
well as the more solid type of hamartoma such as 
described by Harris and Schattenberg (1942), 
Willis includes congenital cystic disease in this 
class of disorders of the lungs. Klosk, Bernstein and 
Parsonnet (1946) define cystic disease of the lung as 
‘any condition in which the lung parenchyma is 
replaced by sharply defined cavities containing 
fluid or air’. These authors divide this disease 
into the variety which exhibits solitary large cysts 
and that characterized by multiple cysts. Herrmann 
et al. (1959) describe an acquired type. The cysts 
in the congenital form of the disease are lined by 
pseudo-stratified ciliated columnar epithelium or 
respiratory cuboidal epithelium. In the more 
common form of cystic disease of the lung, however, 
cartilage is present in the bronchial wall. It is 
notably absent in adenomatoid malformation. 
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FiG. 7.—High power view of part of field in Fig. 3 showing detail 
of mucus secreting tissue. H.and E. x 103. 


Histological examination of the lung in this case 
showed small cystic spaces lined by a low colu 

epithelium of the respiratory variety in most areas. 
Other parts of the hamartoma contained spaces 
lined by cuboidal and tall columnar epithelium. 
Levine (1950) postulates that this form of 
hamartoma arises by pinching off of portions of 
the main lung buds and their derivatives in the 
second half of intrauterine life. Some of these 
portions of bronchial tissue may completely separate 
from the bronchial tree and continue to secrete 
fluid which will distend the cysts. Other portions 
do not completely separate but maintain a narrow 
communication with the bronchi. In our case, we 
were able to pass a probe from a main bronchus 
into one of the larger cysts. This apparently 
supports Levine’s suggestion as to their mode of 
origin. Herrmann et al. (1959) mention, in addition, 
a second possible mode of origin, namely a dis- 
turbance occurring in the fourth foetal week. At 
this time two septa divide the foregut into an anterior 
and posterior part. If cells from this region detach 
themselves at about this period, then bronchial or 
gastric cysts would arise. The occurrence of 
cystic spaces lined by mucus secreting epithelium 
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has been noted by previous authors (Ch’in and 
Tang, 1949; Koboth, 1936) and this suggests that 
the anomaly may have its origin during the fourth 
foetal week. Craig et al. (1956), however, regard 
these as aberrant forms of bronchial mucous glands. 
Conway (1951) believes congenital cystic disease 
of the lung is the result of some unknown process 
which interferes with canalization at some point 
proximal! +o the termination of the lung bud. Distal 
to this pomt canalization begins again producing an 
isolated eenalized segment lined by normal bronchial 
mucosa. In adenomatoid hyperplasia there is a 
great inerease in the number of structures which 
have the appearance of terminal bronchioles. The 
smaller spaces lined by cuboidal epithelium pro- 
bably represent incompletely formed alveolar ducts. 

At neeropsy the hamartoma is usually found to 
increase both the size and weight of the affected 
lung (the increase in bulk often causing herniation 
of the lumg across the midline with mediastinal 
displacement) both of which occurred in the present 
case. In most cases, only one lobe of the lung is 
affected; ndeed, we have found records of only 
two cases in which an entire lung was involved 
(Wolman. 1930; Goodyear and Shillitoe, 1959). 
We have found no preference for the right or left 
lung and for upper, lower or middle lobes. On 
slicing the abnormal tissue mass, cysts of varying 
size are wsually seen lying in firm, pale, macro- 
scopically homogeneous tissue. Our case showed 
relatively few cysts. We found no cartilage in the 
affeeted part of the lung and this favours the theory 
of a valve-like mechanism by which air can enter 
the spaes of the hamartoma during inspiration 
but, because of lack of supporting tissue around the 
communicating channels with the bronchi, air is 
trapped Guring expiration. In this way the size of 
the malformation progressively increases after 
birth anc the ‘expanding lung syndrome’ is pro- 
duced. This causes not only displacement of the 
mediastmum but distortion of the venae cavae and 
maldevelcpment of the contralateral lung. In our 
case, not only was there hypoplasia of the lung 
on the epposite side, but of the other lobes of the 
ipsilateral lung. As in previously reported cases 
we founc no congenital abnormality in any other 
part of the body. 

The diagnosis of this condition is not without 
difficulty, but, in the present case, foetal abnormality 
was first considered when hydramnios developed 
in the 27*h week of pregnancy. This is a common 
feature o` cystic disease of the lung, but is unique 
in that hydrops foetalis was diagnosed by a maternal 
pelvic radiograph during pregnancy. Ch’in and 
Tang (1949) and Gottschalk and Abramson (1957) 
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suggest that the hydramnios is due to cardiovascular 
disturbance in the foetus following mediastinal and 
vena caval displacement by the tumour. This is 
postulated to produce an increase in systemic 
venous pressure resulting in not only hydrops foetalis 
but hydramnios. There seems to be little evidence 
that the oedema is the result of cardiac failure. 
Generalized anasarca is less common in foetuses 
with this malformation delivered at term or in 
infants who live for some time after birth (Craig 
et al., 1956). 

Children suffering from this disease are usually 
premature; presumably the early labour results from 
hydramnios. Ch'in and Tang’s series consisted 
mainly of premature and stillborn foetuses, and 
other cases reported up to 1943 were either stillborn 
or died in early neonatal life. The mother of our 
case went into labour at 28 weeks and spontaneously 
delivered a moderately oedematous and cyanosed 
infant. Oedema is not unusual in this condition 
(Grawitz, 1880; Ch’in and Tang, 1949; Craig et al., 
1956) and, as mentioned above, is probably due 
to vena caval distortion. Thus hamartoma of the 
lung should be borne in mind in the differential 
diagnosis of cyanosis and oedema in a premature 
infant. 

Tension pneumothorax may result from this 
malformation (Herrmann et al., 1959), although the 
vast majority of cases result from rupture of an 
emphysematous bulla on the surface of the lung or 
(in slightly older infants) staphylococcal broncho- 
pneumonia. Our case was unusual in that rupture 
of an air-containing cyst had occurred following 
attempts at resuscitation. 

The cases of Fischer, Tropea and Bailey (1943), 
of Graham and Singleton (1955), the four cases of 
Craig et al. (1956) and the four cases of Herrmann 
et al. (1959) were all diagnosed during life by radio- 
logical examination. This investigation should be 
performed in all cases in which pulmonary hamar- 
toma is considered as a possible diagnosis. 

In retrospect, it seems evident that the loculated 
appearance in the radiograph of our case was due to 
air in the superficial cystic parts of the tumour and 
that a marginal rupture had occurred leading to the 
pneumothorax. Whilst the limits of part of the 
tumour were surely outlined, it was not possible 
to differentiate between the tumour and the atelec- 
tatic right lung. 

Treatment of this condition is removal of the 
affected tissue. As the child continues to breathe 
the cysts in the malformed lung increase in size 
and progressive displacement of the mediastinum 
with compression of the contralateral lung occurs. 
Thus early treatment is imperative, and this, in 
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turn, depends on early radiological diagnosis of the 
disease. Our case was complicated by a tension 
pneumothorax and hypoplasia of all the lung tissue 
not involved in the hamartoma. 
survival was insufficient to permit surgical inter- 
vention. 

Summary | 

À case of hamartoma of the lung is described 
in an infant who survived for 10 minutes after 
delivery. The remaining lung tissue was hypoplastic. 
A tension pneumothorax was present on the same 
side as the lesion. 

Foetal abnormality was suspected during preg- 
nancy on account of hydramnios. Radiological 
examination revealed a hydropic foetus. At nec- 
ropsy a large mass was found replacing the upper 
lobe of the right lung. On histological examination 
the mass was found to be composed of multiple 
small cysts and spaces lined by respiratory type 
epithelium. 

The relationship between congenital cystic disease 
of the lung and true pulmonary neoplasm is discussed. 


We are indebted to Mr, E. Clark of the Bernhard 
Baron Memorial Research Laboratories, Queen Char- 
lotte’s Hospital, for the photograph and photomicro- 
graphs. 
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During the early stages of a clinical study of the 
partial theracic stomach (hiatus hernia’) in children 
a number of patients were seen who appeared unduly 
susceptible to pulmonary infections. This obser- 
vation suggested a possible relationship between the 
two conditions. The following review was under- 
taken with the object of either proving or disproving 
this contention. 


Method 


The ingpessibility of obtaining for comparison 
figures relating to the incidence of pulmonary 
infections in the childhood population and the lack 
of abjective data upon which to base conclusions 
presented two major difficulties in carrying out this 
survey. It was considered that these difficulties 
could be largely overcome if a suitable sub-division 
of patients was devised making it possible to com- 
pare- two groups of children within the series. 
Such a procedure would dispense with the need of a 
control group for comparison and, at the same time 
errors inevitably introduced as a result of varying 
interpretations of the terms ‘bronchitis’ and ‘pneu- 
monia’ would be largely eliminated as these would 
thecreticailly occur with equal frequency in either 
group. 

Of necessity, the data for this analysis have been 
largely derived from the clinical history obtained 
from parents. A statement to the effect that the 
child had had either ‘bronchitis’ or ‘pneumonia’ as 
diagnosed by the family doctor has been accepted 
as a pulmonary infection for the purpose of this 
survey. 

Should there exist a tendency for children with a 
partial thoracic stomach to develop pulmonary 
infections it seemed logical to infer that such infec- 
tion might be related either to the type or frequency 
of symptoms associated with the patient’s gastro- 
oesophageal abnormality. For this reason the 
severity cf the gastro-oesophageal symptoms has 
been used as a basis for analysing the data relating 
to these patients. The following two symptom 


groups have been defined based on a previous 
classification (Carré, 1959): 

Group X: Vomiting and/or difficulty in swallow- 
ing solid food occurring on average 
more frequently than once a month. 

Group Y: Vomiting and/or difficulty in swallow- 
ing solid food occurring on average 
less often than once a month. 

Such a classification, however, does not provide 
for a clearcut sub-division of patients because of 
the symptomatic improvement shown by the majority 
with advancing age (Carré, 1959). It is apparent that 
at a particular age a child’s symptoms might con- 
form to Group X severity but a year later be those 
of Group Y. To overcome this difficulty each 
patient has been classified as having symptoms of 
either Group X or Y severity for each year of age. 
For example, a child who suffered from frequent 
symptoms for more than six months of the age 
period 1-2 years would be classified under Group X 
for that period, and similarly would be reclassified 
under Group Y for the age period 2-3 years if 
symptoms had subsided to conform with this 
grouping. 

In this way two series of 12 monthly age periods 
have been obtained. On the one hand a series 
consisting of annual periods during the major 
portion of which symptoms of Group X severity 
were recorded and on the other hand a series of 
annual periods during which less troublesome 
symptoms were noted (Group Y). In addition, the 
occurrence of pulmonary infections, night vomiting 
and dysphagia with solid food have been recorded 
in respect of each annual age period. 


Selection of Patients 


Children considered in this survey all had a small 
portion of stomach protruding into the chest 
through the oesophageal hiatus. The gastro- 
oesophageal junction was in every instance situated 
along the upper border of the intra-thoracic gastric 
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"FABLE | 
ASSOCIATION OF PULMONARY INFECTION WITH FREQUENCY AND TYPE OF VOMITING 





: ; 
; ; No. of 12-monthiy Periods During which Following Symptams were Noted. 

Age | Clinical No, of fence jenna {meee SAN 
Period Group ' {2-monthly | Pulmonary Dysphagia f Dysphagia ; Night | Might 
{years} í } Age infection ; and ; Vomiting Vomiting 

Periods | : | Pulmonary | _ and Pulmonary 

i | l Infection Infection 
a a ae 37 iOS | 13 | 2 | 30 | iS 

| Y : 41 | 2 ! 2 | 0 | 3 | 0 
= ane x 22 6 7 1 | 14 | 5 

Y : 52 ; 8 , 2 ; i i 5 i 
40 x 19 5 12 | 4 : 13 | 4 

| Y 30 l 4 | 2 0 i 2 f 0 
4-5 | x 9 i 0 , 5 ; 0 , 4 a 

| bg ! 18 ; 2 Į 0 4 | 1 

Seen | eee nent enna et at I 

is X 87 | 26 f 37 | 7 l 6l 24 

| Y 141 i 16 7 i 14 ; 2 

; ; i i i i 


Group X Attacks of vomiting and/or dysphagia occurring more frequently than once a month during at least six months ef any one year 


of age. 
Group Y Fewer symptoms than Group X. 


loculus. 
excluded. 

As it was intended to compare the occurrence of 
pulmonary infections with specific clinical dis- 
turbances, such as night vomiting and difficulty in 
swallowing solid food, the age period reviewed has 
been restricted to over 1 year, when both these 
features could be more accurately determined. 
With relatively few children over 5 years available 
for study this age has been adopted as the upper 
limit for consideration. 

Except where specifically stated the following 
analysis is restricted to patients who had no associated 
oesophageal stricture. Information relating to 78 
patients has provided 228 annual periods for analysis. 


Results 


A pulmonary infection was recorded for 26 of the 
87 annual age periods (29:99) during which symp- 
toms were classified as of Group X severity and for 
16 of 141 periods (11-395) during which symptoms 
were minimal, Group Y (Table 1). This difference 
in incidence is statistically significant (p <0-001).* 
These observations confirm that pulmonary infections 
are commoner in children with a partial thoracic 
stomach during periods when vomiting is frequent. 

In theory this significantly higher recorded 
incidence of pulmonary infections during Group X 
annual periods could be related not to the frequency 
of symptoms but to the occurrence either of dys- 
phagia with solid food or night vomiting, both of 
which were frequently noted clinical features during 
these periods. To test this hypothesis a further 
analysis of Group X periods has been undertaken 
as follows. 


Surgically treated patients have been 


Difficulty in swallowing solid food was a recorded 
symptom during 37 of the 87 Group X annual 
periods; a pulmonary infection was recorded during 
seven of these 37 periods (18:9°%). The comparable 
figures for periods during which dysphagia was not 
a complaint were 19 of 50 (38%). However, 
when annual periods were excluded during which 
night vomiting was also a feature these figures 
become two of 19 (10-5%) and none of seven 
respectively. Information relating to patients with 
an associated oesophageal stricture has been analysed 
in a similar manner. In all these children the -., 
predominant and often only symptom was difficulty 
in swallowing solid food. In only four of 37 
annual periods was a pulmonary infecticn noted, an 
incidence of 10:8°%. Allowing for the small 
figures involved, these latter estimates (10-5, 0 and 
10-8°) conform with the observed frequency of 
pulmonary infections during the Group Y periods 
(11:3°%) when clinical disturbances were judged to 
be infrequent. The occurrence of dysphagia there- 
fore appears to have no direct bearing on the 
increased incidence of pulmonary infections noted 
during periods of frequent symptoms. 

On the other hand, a pulmonary infection was 
recorded during 24 of 61 annual Group X periods 
(39-3 °%) during which night vomiting was a feature. 
The comparable figures for Group X periods during 
which night vomiting was not a complaint were two 
of 26 (7:7°%). This difference is statistically 
significant (0-01 >p>0-001). Furthermore, the fre- 
quency of pulmonary infections during Group X 
periods when night vomiting was not recorded 
Ly by of is similar to that estimated for Group Y 
(il: 3% fo 
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PULMONARY INFECTIONS AND PARTIAL THORACIC STOMACH 


Radiological Observations 


Segmental pulmonary lesions have been identified 
radiologically on 19 occasions in 17 of 242 children 
with a partial thoracic stomach (Table 2). These 
lesions were confined to the right lung in 13 and the 
left in four; in two instances both lungs were in- 
volved. A single lobe was involved in 16 instances. 
-In 10 of the 12 right-sided lesions the affected area 
was either the middle or upper lobe. Of the four 
left-sided lesions the upper lobe was the affected 
site in two. 

At the time of demonstrating these lesions eight 
patients were aged less than 12 months, seven were 
between | and 3 years old and four were more than 
3 years of age. 


TABLE 2 
RAD!IOLOGICALLY CONFIRMED PULMONARY 
LESIONS 





: Lobe of Lung Affected Age 
Patient : (Collapse/Consolidation) (yrs) (mths) 
T.B. : R.U. | 10 
AS. ; R.M. ; 7 2 
E.W. : L.U. i 3 
DRu RL | 11 

; L.U. ; i 9 
R.Ha. : R.M. 2 
ROL : R.M. and LU. : i i 

R.M. ; i 4 
MW. ; LL. ; 4 6 
WwW. : R.M. i I 2 
CN, : R.M. 3 
S.G. i R.M. 2 
A.S. : R.U. 7 
P.W., R.U. P 
ML. L.U. and R.M. 3 ł 
J.W. R.L. and R.M. 7 0 
IM. L.L. 8 
DH. R.M, 2 k 
8.5. R.L. 2 G 


i 
i 





Lobe affected: R.U. = right upper R.M. = right middie 
L.L. 


* In all quoted statistical analyses p < 0-05 has been accepted as 
evidence of significance. 


. = left upper «= left lower 


Discussion 


It has been shown that in children with a partial 
thoracic stomach the risk of acquiring a pulmonary 
infection is. greatly increased if vomiting at night is 
asymptom. In the present study the occurrence of 
night vomiting was associated with more than a 
threefold increase in the number of recorded pul- 
monary infections. On the other hand no relation- 
ship could be demonstrated between the develop- 
ment of pulmonary infections and either frequent 
day vomiting or dysphagia with solid food. 

These findings suggest that many of the pulmonary 
infections recorded in children with a partial 
thoracic stomach result from the inhalation of 
vomited material at a time when the patient is in a 
semi-conscious state. The radiological observa- 
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tions recorded in this study are interpreted as 
supporting such a contention. These show a 
preponderance of single lobe lesions with the right 
lung principally affected, a distribution demon- 
strated by Brock, Hodgkiss and Jones (1942) as 
characteristic of the inhalation of foreign material 
during recumbency. However, an unusually large 
number of right middle lobe lesions were noted in 
the present series. This may be due to the fact 
that while still only half awake many patients will 
sit up and lean forward when vomiting thereby 
assuming a posture suited to the inhalation of 
material into the right middle lobe bronchus 
(Foster-Carter, 1943). 

Radiographically defined pulmonary lesions were 
most frequently noted in patients under 3 years of 
age. In view of the association between night 
vomiting and pulmonary infections these findings 
are to be expected as most children with a partial 
thoracic stomach suffer from progressively fewer 
gastro-oesophageal symptoms (including night 
vomiting) as they grow older (Carré, 1959). 


Summary 


A study is described in which the occurrence of 
pulmonary infections in children with a partial 
thoracic stomach has been related to specific 
symptoms referable to the patient’s gastro-oeso- 
phageal abnormality. The results indicate that the 
incidence of pulmonary infections in children with 
a partial thoracic stomach is considerably increased 
if night vomiting is a symptom. On the other hand 
there is no reason to believe that frequent day 
vomiting or difficulty in swallowing solid food 
predispose to the development of pulmonary 
infections. 

Evidence is quoted in support of the view that 
many of the pulmonary infections noted in patients 
with night vomiting result from the inhalation of 
vomited material. 


lam greatly indebted to Dr. R. Astley of the Children’s 
Hospital, Birmingham, and Dr. F. Plarre of the Royal 
Children’s Hospital, Melbourne, Australia, for the 
radiological assessment of the patients considered in 
this study. I wish to thank also the consultant physicians 
and surgeons of the Children’s Hospital, Birmingham, 
the Royal Children’s Hospital, Melbourne, and the 
Royal Belfast Hospital for Sick Children for permission 
to review their patients and Mr. J. D. Merrett of Queen's 
University, Belfast, for help with the statistical analysis. 
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In a previous communication it was estimated 
that about two of every three clinically affected 
infants with a partial thoracic stomach cease 
vomiting spontaneously before 2 years of age in 
the absence of either postural or surgical therapy 
(Carré, 1959). What then happens to the gastro- 
oesophageal abnormality in such children? Does 
the partial thoracic stomach undergo anatomical 
restitution ? 

Evidence has been presented elsewhere con- 
firming the value of adequate postural therapy in 
the management of infants with a partial thoracic 
stomach (Carré, 1957). What, however, is the 
effect of such treatment on the radiological ‘cure’ 
rate? The present review is aimed at answering 
these questions. 


Observations 


Three studies are included and each is considered 
separately. 
1. A retrospective reassessment of patients given 
neither postural nor surgical treatment. 
2. A prospective follow-up of similarly untreated 
patients. 
3. A prospective follow-up of clinically affected 
infants treated by adequate sustained posture. 
All children considered in this survey had a small 
loculus of stomach protruding through the oeso- 
phageal hiatus into the chest. The gastro-oeso- 
phageal junction was situated in every instance 
along the upper border of the intrathoracic portion 
of stomach. Children with gastro-oesophageal in- 
competence but no definite intrathoracic gastric 
loculus (i.e. ‘chalasia’) have not been included. 


Retrospective Review of Untreated Patients. The 
following review is based on a study undertaken 
at the Children’s Hospital, Birmingham, during 
1951-53. There seemed then no reason to suppose 
that the increase in the number of children recog- 
nized as having a partial thoracic stomach reflected 


anything more than improved diagnosis and a 
greater awareness of the condition. This being so, 
it was argued that provided the abnormality per- 
sisted, even despite cessation of symptoms, it should 
be possible to recognize such cases m retrospect. 
The following retrospective follow-up study was 
therefore undertaken. 

Hospital case records relating to patients admitted 
to the Children’s Hospital, Birmingham, during 
the 10 years, 1941-50 inclusive, because of either 
vomiting of uncertain cause or vomiting ascribed to 
feeding difficulties, pylorospasm, “habit or ‘cyclical’ 
vomiting and peptic ulceration were examined. 
Patients whose listed clinical features and progress 
appeared similar to those of children with a proven 
partial thoracic stomach were selected fer review. 
In addition, all patients admitted to hospital 
during the 20-year period 1930-50 and diagnosed as 
having a lower oesophageal abnormality were 
included for clinical and radiological reassessment. 

One hundred and forty-seven patients were 
selected for review. Three children were unable 
to attend for examination, six others had died and 
21 (14-33%) remained untraced. AH 117 children 
who attended were examined by one of us (1.J.C.) 
and the clinical history re-evaluated. These children 
were then examined radiologically. At the time of 
examination the radiologist (R.A.) was kept in 
ignorance of the clinical history obtained. He was 
aware, however, that all children being examined 
as part of this investigation had previously attended 
hospital because of vomiting. 

At the time of their reassessment patients were 
divided into two groups. One consisted of children 
whose clinical progress appeared on re-evaluation 
to have conformed with the general pattern ob- 
served in children with a proven partial thoracic 
stomach; children in this group were considered on 
clinical grounds as likely to show abnormal radio- 
logical findings. Children in the second group were 
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abnormality on radiological 


FATE OF PARTIAL THORACIC STOMACH 


assessed as having atypical clinical histories and 
therefore unlikely to show any gastro-oesophageal 
| examination. Sub- 
.. sequent comparison of the radiological and clinical 


o findings. showed a high degree of correlation. 


_ A partial thoracic stomach was demonstrated 
radiologically at the first examination in 35 of the 
§2 children selected on clinical grounds as likely 
to have this abnormality. In an additional eight, 
free gastro-oesophageal reflux was demonstrated 
but no intrathoracic loculus of stomach could be 
defined with certainty. The radiological appearances 
in the ether nine children appeared ‘normal’. In 
only four of 65 children in the second group was a 
partial thoracic stomach demonstrated. Sixty-one 
were classified as showing no radiological ab- 
nermality. 

In view of extremely suggestive clinical histories, 
12 of the 17 children in whom a definite partial 
thoracic stomach could not be defined, were re- 
examined radiologically. On this second occasion 
a small partial thoracic stomach was demonstrated 
on flueroscopy in two children previously noted as 
having free gastro-oesophageal reflux only and in 
one of those considered ‘normal’. The results of 
these observations are shown in the Table. 


TABLE 
RETROSPECTIVE FOLLOW-UP REVIEW 





Radiological Findings 





Likelihood 


of Partial : Number | Doubtful 
Thoracic : of | (Gastre- = Con- 
Stemach : Patients | Positive | oeso- | sidered 
from Cknical : | phageal = ‘Normal’ 
Assessment Reflux | 
only} 
Probable _. J §2 | 38 + 6 | 8 
Unlikely _. pa. 65 i 4 Q ; 6! 
Oawn : 





Of SZ patients whose early progress was con- 
sidered typical of that of children with a partial 
thoracic stomach, 44 were free of troublesome 
symptoras when seen, i.e. vomiting and/or dysphagia 
occurred less than once a month. A partial thoracic 
stomach: was demonstrated radiologically in 30 of 
these 44 patients: 10 of these had been virtually free 
of symptoms from infancy. These patients had 
first attended hospital some two to 18 years pre- 
viously. 


Prospective Follow-up of Untreated Patients. 
Almost every child with a partial thoracic stomach 
seen since 1951 has been treated by either posture 
or surgery. For this reason, few patients are 
suitable for consideration. Only untreated patients 


+. 
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in whom a partial thoracic stomach was recognized 
before 2 years of age have been considered. Of 
these, 10 have been re-examined by barium 
swallow and fluoroscopy at least two years after 
cessation of symptoms. A partial thoracic stomach 
was still demonstrable in eight. In five patients 
the follow-up was of five years or more; a definite 
partial thoracic stomach was seen in three. 


Prospective Follow-up of Clinically Affected 
Infants treated by Adequate Sustained Posture. 
Twenty patients who were first started on adequate 
sustained postural treatment before 3 months of age 
were free of symptoms at the time of their last 
examination by barium swallow and fluoroscopy. 
All these patients had been maintained in a sitting 
posture throughout the 24 hours for at least six 
months. At the time of their examination these 
children had been free of symptoms for periods 
varying from two to seven and a half years. An 
intrathoracic gastric loculus was still demonstrable 
in 13. Ten children had been free of symptoms 
for more than five years; a partial thoracic stomach 
was defined in seven of these. 


Discussion 


During the ‘retrospective’ follow-up investigation 
of patients with a partial thoracic stomach the 
opportunity was taken to record independent 
clinical and radiological observations. A very high 
degree of correlation was obtained, thereby further 
confirming the specific nature of the clinical dis- 
turbances. 

The investigation included the examination of 
44 virtually symptom-free persons who had suffered 
from symptoms during infancy and early childhood 
comparable to those experienced by patients with a 
partial thoracic stomach. In 17 no gastro-ceso- 
phageal abnormality was demonstrated on the first 
fluoroscopic examination. Nonetheless, the early 
clinical progress of these 17 patients had been so 
similar to that of patients with a partial thoracic 
stomach that it was our belief that they too had had 
an identical gasiro-oesophageal abnormality. The 
demonstration of a partial thoracic stomach in 
three of 12 individuals who were re-examined tends 
to confirm such an assumption. If it is accepted 
that the clinical disturbances suffered by all 44 
patients during their infancy and early childhood 
were related to the presence of a partial thoracic 
stomach, then the incidence of spontaneous radio- 
logical ‘cure’ (i.e. failure to demonstrate a gastro- 
oesophageal abnormality) among these individuals 
may be assessed as about one in three (14 of 44). 
Confirmation of these deductions is provided by the 











486 


‘prospective’ follow-up review of untreated patients 
in which a similar radiological ‘cure’ rate was 
obtained. 

The radiological ‘cure’ rate of one in three (seven of 
20) among infants treated. conservatively i is compar- 
able to that computed for untreated patients. There 
is therefore no evidence from this study that postural 
treatment results in an increased incidence of radio- 
logical ‘cure’. 

The observations recorded in this review further 
confirm our previously. expressed opinion that 
despite cessation of symptoms a partial thoracic 
stomach will remain fluoroscopically demonstrable 
during childhood in the majority of instances 
(Carré, Astley and Smellie, 1952). More recently 
Swyer (1955), Guichard, Verger and Humeau 
(1956), Masse and Bader (1957) and Burke (1959) 
have reported similar observations. 

Evidence has been quoted both in this and in a 
previous communication (Astley and Carré, 1954) 
showing that a negative radiological examination 
does not necessarily exclude a partial thoracic 
stomach. Plarre (1956) has also stressed this fact. 
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Thus, the negative radiological findings recorded 
in about a third of our symptomless patients should 
not be interpreted as proof of anatomical cure. 


We are grateful to the consultant physicians and 
surgeons of the Children’s Hospital, Birmingham, for 
permission to examine and follow-up their patients. 
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THE BACTERIAL FLORA OF THE STOMACH AND SMALL 
INTESTINE IN CHILDREN WITH INTESTINAL 
OBSTRUCTION 


RUTH F. BISHOP and CHARLOTTE M. ANDERSON 
From the Clinical Research Unit, Royal Children’s Hospital, Melbourne 


(RECEIVED FOR PUBLICATION MARCH 2, 1960) 


The alimentary tract at birth is either sterile or 
contains only a few micro-organisms (Wilson and 
Miles, 1955). Within a few days of birth a profuse 
flora is established in the mouth and large intestine. 
However, the small intestine remains relatively free 
from micro-organisms throughout life (Cregan and 
Hayward, 1953; Anderson and Langford, 1958a). 
Thus in health it seems that some antibacterial 
mechanism is present which prevents a resident 
flora from becoming established in the small 
intestine. 

The nature of this antibacterial mechanism is 
obscure. Cregan, Dunlop and Hayward (1953) 
have shown it to be independent of the gastric 
germicical barrier. Anderson and Langford (1958a) 
have previously suggested that maintenance of 
normal intestinal motility is important. Evidence 
for this suggestion has been sought in the present 
study, which is an investigation of the flora of the 
small intestine in conditions where intestinal 
motility is affected by obstruction to the onward 
passage of intestinal contents. The patients exam- 
ined included newborn and older children with 
obstructive lesions of differing aetiology and dura- 
tion at differing sites along the small intestine. 

A seerch of the literature did not reveal any 
previous investigation in newborn or older children 
or even any thorough investigation of the intestinal 
flora in adults with intestinal obstruction. There- 
fore thispaper will also describe the extent and nature 
of the fora of the small intestine in children with 
intestine! obstruction. The results of a similar 
study im adults are reported elsewhere (Bishop and 
Allcock. 1960). 


Material and Methods 


Clinical Material. Twelve newborn babies aged from 
1 to 7 days, in whom obstruction had been present at 
birth, were examined. These patients included one with 
volvulus of the stomach, two with duodenal atresia, three 


with jejunal atresia, one with Hirschsprung’s disease 
and five with meconium ileus. 

In addition 12 children aged from 10 days to 13 years 
in whom obstruction had developed acutely and one 
child of 17 months with subacute obstructive symptoms 
since birth were examined. The pathological conditions 
responsible for the obstruction and the duration of 
obstruction before operation were extremely varied and 
are recorded in Table 1. 

Clinical findings relevant to the investigation were 
recorded for each patient on a specially compiled 
proforma. The data sought included duration and 
character of any vomiting, time of the last bowel action, 
details of any preoperative antibiotics and a description 
of the findings at operation. 


Collection of Specimens. Specimens of intestinal 
contents were obtained in the following order from 
patients during operation for relief of the obstruction: 
from stomach via Ryle’s tube; swab of free fluid in the 
peritoneal cavity; from small intestine approximately 
10 cm. distal to obstruction; from small intestine approxi- 
mately 10 cm. proximal to obstruction; from other levels 
of small intestine proximal to the obstruction, depending 
on the level of obstruction. 

The contents of the small intestine were sampled 
using the following direct needling technique originally 
described by Cregan and Hayward (1953). At operation 
2 mi. of sterile Ringer’s solution were injected into the 
lumen of the bowel which was washed with this fluid by 
gently sucking back and forth with the syringe. The 
resultant diluted intestinal contents were then with- 
drawn. In order to keep the technique of sampling 
uniform, this procedure was always used even when the 
obstructed intestine contained sufficient fluid for direct 
aspiration, 


Bacteriological Examinations. Usually within three 
hours of collection two drops (about 0-06 ml.) of each 
specimen were inoculated on to each of the following 
media: horse blocd agar and plain desoxycholate agar 
incubated aerobically at 37° C.; horse blood agar 
incubated anaerobically at 37° C. with 5-10% added 
CO,. The range of media and conditions of incubation 
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TABLE | 
BACTERIAL FLORA IN INTESTINAL OBSTRUCTION IN BABIES AND OLDER CHILDREN 





| Duration | 
of 
Case Age Cause of Obstruction | Obstruc- | © Stomach 
No. | | tion f 
i | (days) | 
I 6days | Volvulus of stomach ! 6 : +tO+F 
2 | 4 davs | Duodenal atresia 4 ; +O 
3 ; Sdays | Duodenal atresia 5 | £0 
4 | 17mths! Duodenal stenosis | (7 mths | a 
: | | subacute) | 
5 7wks | Adhesions following 


i 8 hours ! O+ 
| id days | Faea 





H 
$ 
| 
{ 
i 
} 
; 
| Ramstedt’s operation 
| 
| 
f 
i 


F 

6 Jejunal atresia į -F 
7 4 days | Jejunal atresia m 
8 © Sdays | Jejunal atresia 5 i 
9 ; 1Odays | Universal mesentery with | 

© volvulus (| 32 hours | nt 
10 i3yrs | Adhesion ! i ; me 
li |© wks | Band obstruction from | ; 

| Meckel’s diverticulum. | i nt 
12 — 3.mths | Inflammation of Meckel's | 

; ; diverticulum with stenosis | 

: | of ileum ti a 
130. 2days | Meconium ileus : 2 R 
i4 = 3days | Meconium Heus ; 2 nt 
15 wks | Intrauterine perforation i 

i | and peritonitis, subse- | 

| quent stenosis of ileum | 2 -pF 
16) 6yrs | Appendicular abscess i 3 nt 
17 E days : Meconium ileus : 3} 4 Ob 
18 3idays | Meconium ileus. | 3% +O 
19 — 3mths | Postoperative adhesions | 4 5 +F 
20 : 8yrs | Adhesions from appen- | 

| dicitis © 5 nt 
21. 7days. Meconium ileus í 7 : ni 
22 3yrs | Intussusception i 18 hours | ni 
23  l3yrs | Caeco-colic intussuscep- | ; 

| tion | 48 hours | nt 
24 mths } Caeco-colic intussuscep- | : 

| tion i l i nt 
25 — 4days | Hirschsprung’s disease | 4 : £0 


The vertical line in heavy type denotes level of obstruction. 
O denotes a flora of oral type. 

F denotes a flora of faecal type. 
Plusses indicate degree of growth: 
nt denotes not tested. 

m denotes sterile. 


+ and 


were chosen so that the growth requirements of all 
bacteria likely to occur in the intestinal tract would be 
satisfied. Direct smears. were always examined as a 
check on the adequacy of conditions of culture. A 
standard plating technique was used (Cregan and 
Hayward, 1953) and the degree of growth was graded 
from -+ to +++. A scanty growth (- or +) was 
regarded as a transient flora unable to multiply at the 
site sampled. A profuse growth (+ - or +--+) was 
regarded as a resident flora. As well as the plating 
technique, the criteria for interpretation of quantitative 
results described fully by Cregan and Hayward (1953) 
were followed exactly. 


Results 


Table I shows quantitative results from the 25 
patients examined, Table 2 shows qualitative 
results from the 19 children with an abnormal 
profuse flora (-+ + or ++ +) in the small intestine. 
In both Tables the results from newborn and older 
children have been combined since no bacterio- 


- denote transient flora: 











Í i | 
Lo l : ! 
| Duodenum | Jejunum i Heum 
eiaaes (cs ee E SESTE EEES ‘Colon 
: Above | Below — Above | Below Above | Below | 
: 
| EERIE Ser eee : 
B RES eE e a, eee 
+O uO : ! | 
| me: i 
| : | | : 
| ni n | | | 
nt | : : 
| n S EO | 
| nt t3 = ; : 
: ; ; ' 
l nt : +F : parE aoo 
| nt nt | bb +E nt 
i H N , i 
nt nt | -+F FF | 
| : l 
| nt nt o pF T ae 
| nt a ee E 
i ; l 
! ] : 
nt ; E- joo 44 m aa -+F a i ! 
i ni j þe f RE $- efe F i 
l nt 5 Fo +O-+ EF nto i 
nt | mt a 
l nt i Ld s i S | 
nt nt | HAt F E 
| nt val i E ‘ oot | 
i nt nt oe be E 
rf nt +O +4 F 
nt nt pF 
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+- and -+b denote resident flora (see text). 


logical difference between these two groups was 
observed. 


Specimens Proximal to the Point of Obstruction. 
Quantitative and qualitative results from specimens 
proximal to the point of obstruction differed with 
the level of obstruction. All specimens from four 
children with obstruction proximal to the duodeno- 
jejunal flexure (Cases 1-4) were either sterile or 
contained only a scanty flora usually cf oral type. 
By contrast in almost all (19 out of 21) children 
with obstruction distal to the duodenal-jejunal 
flexure (Cases 5-25) a profuse flora of faecal type 
was present in the small intestine above the point 
of obstruction. Stomach specimens from 12 of 
these children were also examined. Six ydelded a 
profuse faecal flora and six were either sterile or 
yielded only a scanty flora of oral type. 


Since 12 children received antibiotics aenea 
before operation it was important to Be sure that 
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TABLE 2 


BACTERIAL FLORA OF THE SMALL INTESTINE 
IN ACUTE INTESTINAL OBSTRUCTION 





| No. of | 








: No. of 
Faecal Type Organisms | Times | Oral Type Organisms Times 
‘Isolated | _ Isofated 

Bact. coë wpe I © 5 Staph. saprophyticus | 4 

Ch welche ; 9 | Staph. afermentans ` 2 

Strep. farsatis 7 Staph. lactis ; 2 

Bacteroides sp. 6 | Staph. aureus a 

Paracoloa sp. SH. parainfiuenzae ; 2 

Veillonetia. gazogenes 4 | Strep. agalactiae : 2 

Bact. cerszenes type | 3 Strep. mitis ; 5 

Bact. coll irregular type 2 i Strep. S.B.E. ; i 

Bact. col intermediate oC, xerosis : i 
type: E 2 l ; 
Strep. Tigegaciens 2 : 
SEN, menorenes 2 i 
Ci, failax I ! 
CI. paraputrificum 1 i 
Ci muh E e mnentans ] : 
Pr. mirgètis 1 ; 
Pr, vulearis l ; 
Veillaneha. parvula i i 
Achrombacter sp. I 
Alcalizeres faecalis i 

l 


Candida aibicans 
: i 
: ł 





Stanrber of cases with abnormal resident flora = 19. 

this had no effect on the bacteriological results. 
The antibiotics used were tetracycline or penicillin 
and streptomycin given intramuscularly or intra- 
venously as one dose (Cases 6, 7, 11, 13, 14, 15 and 
17) or asa more prolonged course (Cases 2, 8, 10, 
16and 19}. The small intestine of five of the former 
and four of the latter contained a profuse faecal 
flora at operation, so that it is unlikely that the 
results from the remaining three, that yielded only 
scanty flora, could be attributed to suppression of 
bacteri! growth in the bowel lumen by the pre- 
operative parenteral antibiotics. 


Specimens Distal to the Point of Obstruction. 
Unlike the proximal specimens, results from speci- 
mens distal to the point of obstruction were quan- 
titativeay and qualitatively independent of level of 
obstruction. Of 14 samples from below the 
obstruction, 11 were sterile. The remaining three 
(Cases 11, 12 and 16) yielded a profuse faecal flora 
but the intestinal lumen of each of these three 
children was only partially obstructed and it was 
concluded that the results were invalid due to con- 
taminatoon with fluid from above the point of 
obstruction. 


Periteneal Swabs. These specimens were ob- 
tained from eight children and were always sterile 
when the bowel was viable. In three children there 
was a portion of non-viable bowel (Cases 9, 11 
and 16L. In one of these (Case 9) the peritoneal 
swab was sterile. In the other two a faecal flora 
was isclated and was found to be qualitatively 
similar to that present in the intestinal lumen. 
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Qualitative Results. Table 2 shows that organisms 
of faecal type were common in the small intestine 
of the 19 patients yielding abnormal quantitative 
(+-+ or +++) results. Oral type organisms 
were only occasionally isolated. Bact. coli type l- 
was present in 15 of the 19 children. Cl. welchii 
was present in less than half of the cases examined, 
an incidence much less than that found in a similar 
study in adults (Bishop and Allcock, 1960). None 
of the faecal type organisms were outside the range 
of those likely to occur in the healthy large intestine. 


Discussion 

A search of the literature of the past 60 years 
has not revealed any detailed investigation of the 
bacterial flora of the small intestine in Intestinal 
obstruction either in children or in adults. Williams 
(1926, 1927) examined vomitus and small intestinal 
contents from adults with intestinal obstruction. 
However, his samples of small intestinal contents 
were restricted to the point of intestinal resection 
and the bacteriological techniques were directed 
mainly towards isolation of Cl welchii. In the 
present investigation the technique of sampling 
allowed several levels of intestine to be examined 
even when no intestine was resected and the bacterio- 
logical techniques used were directed at isolating 
and fully identifying all species of bacteria present. 

No difference was found between the results from 
babies and those from older children. The 
overall results from all children are therefore 
presented diagrammatically in Figs. | and2. When 
obstruction was present proximal to the duodeno- 
jejunal flexure (Fig. 1) the small intestine and 
stomach remained bacteriologically normal, Le. 
were either sterile or contained only a scanty flora. 
When obstruction was present distal to the duodeno- 
jejunal flexure a profuse faecal flora was found above 
the point of obstruction (Fig. 2). Regardless of the 
level of obstruction, small intestine distal to the point 
of complete obstruction remained bacteriologically 


Stomach Scanty Flora 
Duodenum Scanty Flora 
jejunum Sterile 


Fic. 1.—Extent of flora in gastro-intestinal tract when obstruction 
was in the region of duodeno-jejunal flexure, 
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Stomach Profuse faecal or scanty flora 
jejunum Profuse faecal flora 
Profuse faecal flora 
leum 


Sterile 


Fic, 2.-—Extent of flora in gastro-intestinal tract when obstruction 
distal to duodeno-jejunal flexure. 


normal. This was not necessarily so when obstruc- 
tion was incomplete. These results indicate that 
the profuse faecal flora present in the small intestine 
above an obstruction is derived by ingestion and not 
by retrograde spread from the colon. This is 
confirmed by the results of Bishop and Allcock 
(1960) in adult patients. 

Since the profuse faecal flora present in the small 
intestine above an obstruction is derived by inges- 
tion, it follows that even in health faecal organisms 
frequently escape the gastric germicidal barrier and 
contaminate the small intestine. However, faecal 
organisms do not proliferate in the healthy small 
intestine since it has been shown to contain only 
a scanty flora usually of oral type (Cregan and 
Hayward, 1953; Cook, Elliott, Elliot-Smith, Frisby 
and Gardner, 1957; Anderson and Langford, 
1958a). It is surprising that these organisms do not 
proliferate in the healthy small intestine since con- 
ditions of pH, of temperature and oxygen tension 
are favourable to their growth. Thus in health 
some mechanism must prevent the growth of a 
profuse flora in the small intestine. 

The nature of this mechanism is not well under- 
stood. It has been shown to be independent of the 
gastric germicidal barrier (Cregan er al., 1953) and 
therefore must depend on other factors, perhaps 
either chemical or mechanical, present in the small 
intestine. It is possible that the small intestine 
secretes a chemical which is either bacteriostatic or 
bactericidal. However, the absence of pancreatic 
secretion (Anderson and Langford, 1958a), or of 
bile (Anderson and Langford, 1958b) does not 
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affect the flora of the small intestine and no other 
secretion with antibacterial activity against the 
species of micro-organisms isolated in this study 
has yet been demonstrated. If a chemical anti- 
bacterial substance exists in the small intestine 
it must be neutralized in some way in the terminal 
ileum or colon. Alternatively, it is possible that 
the antibacterial mechanism is dependent on 
mechanical factors such as constant secretion and 
movement of intestinal contents which might wash 
through all contaminating bacteria at a rate pre- 
cluding colonization. 

The results of this study do not allow any firm 
decision as to whether chemical or mechanical 
factors are more important. The pattern of results 
shown in Fig. 1 could be explained by chemical 
factors since it is likely that at this high level the 
acidity of stomach secretions is able to prevent 
growth of micro-organisms in the small intestine. 
However, the results shown in Fig. 2 could equally 
well be explained by disturbance of chensical or 
mechanical factors. The alteration in local con- 
ditions or the distension which accompanies ebstruc- 
tion of the small intestine could inhibit secretion 
of an as yet unknown chemical antibacterial sub- 
stance. But it is also possible and seems more 
likely that the effect of obstruction on bacterial 
content of the small intestine could be explained 
by disturbance of mechanical factors alone, i.e. by 
the arrest of onward passage of intestinal contents 
and alteration of motility patterns. 

From the results it is clear that parenteral anti- 
biotics do not substantially affect the fiora found 
above an obstruction. However, as the peritoneal 
swabs in those patients with non-viable bowel 
showed a flora of the same type as the bowel content, 
parenteral antibiotics may be of value in preventing 
peritoneal or blood spread of these organisms or of 
organisms spilled at operation. 


Summary 


The bacterial flora of the small intestine in 12 
newborn and 13 older children with intestinal 
obstruction has been studied. 

A profuse flora predominantly of faecal type was 
demonstrated above the point of obstruction when 
this was below the duodeno-jejunal flexure. 

The small intestine below the site of complete 
obstruction was sterile. 

The source of infection above an obstruction is 
considered to be ingestion and not retrograde 
spread from the colon. 

The antibacterial mechanism of the small intestine 
is disturbed when the intestinal lumen is obstructed 
and reasons for this disturbance are briefly discussed. 


| BACTERIAL FLORA AND INTESTINAL OBSTRUCTION 
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FREEZE-DRIED B.C.G. 


BY 
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(RECEIVED FOR PUBLICATION FEBRUARY 8, 1960) 


Freeze-dried B.C.G. of British manufacture 
became available for experimental work in 1955. 
The main reason for introducing it was the need for 
a vaccine which would retain its potency under 
conditions of prolonged storage. On reconstitution 
for injection the vaccine should produce a uniform 
suspension with minimal clumping, resulting in a 
uniform viable bacterial count. These properties 
mean that tests for potency and for sterility can be 
performed on samples of each batch before dis- 
tribution, which will be more leisurely as only 
surface transport is required. Centres using B.C.G. 
can store stocks instead of depending on week to 
week supplies and finally, the vaccination lesions 
can be more uniform and predictable, if the viable 
count of the vaccines remains constant for any- 
thing up to a year or longer. Experimental work 
in the laboratory has shown that the vaccines made 
in this country have fulfilled all these requirements 
(Ungar, Farmer and Muggleton, 1956; Ungar, 
1958; Medical Research Council, 1958). 

It was essential to show that freeze-dried B.C.G. 
was safe, would produce acceptable vaccination 
lesions, a high degree of tuberculin conversion 
within eight to 12 weeks and a positive tuberculin 
reaction over prolonged periods in vaccinated 
subjects. The optimal number of viable organisms 
to be injected had to be determined in order to 
achieve a minimal vaccination lesion with practically 
100%, conversion rate. The most suitable subjects 
for the initial clinical trials were non-contacts, 
because failure of conversion or a rapid reversion 
would not result in serious inconvenience. 

Clinical trials using the technique of intradermal 
injection were conducted in infants by Lorber, Hart, 
Farmer and Muggleton (1956): Lorber, Farmer, 
Muggleton, Hart and Menneer (1957): Griffiths and 
Gaisford (1956), and in children of various ages by 
Lorber and Menneer (1958) and Alston, Cowell and 
O’Meara (1958), and in school children (13-14 
years) by the Medical Research Council (1958). 


These clinical trials established that there was a close 
correlation between the number of viable organisms 
injected and the size of the vaccination [esions, the 
incidence of regional lymph-node involvement and 
the degree of tuberculin sensitivity following 
vaccination. It was apparent that reconstituted 
vaccines containing 10 x 10° organisms per ml. or 
more were unnecessarily potent and that those 
containing less than 1 x 10° were not sufficiently 
antigenic for routine use. It was also shown on 
controlled trials that the immediate results obtained 
with freeze-dried vaccines were as good as with the 
standard Danish liquid vaccine (Lorber er al., 
1957; Medical Research Council, 1958) or with the 
Swedish liquid vaccine (Alston et al., 1958). When 
the number of viable organisms injected was of 
similar order, the vaccination lesions and the 
conversion rates differed very little in subjects given 
the dry or the liquid vaceines. As the Danish 
liquid vaccine had proved to be excellent both with 
regard to the duration of tuberculin sensitivity after 
vaccination (Griffiths and Gaisford, 1956: Lorber 
and Menneer, 1959) and its protective value against 
tuberculous disease in children in intimate contact 
with infectious tuberculosis (Lorber and Menneer, 
1959), it was hoped that the freeze-dried vaccine 
would eventually prove to be equally efficient in 
these respects. o 

The clinical trials quoted above were concerned 
with the demonstration of tuberculin conversion 
some weeks after vaccination and with the appear- 
ance of the lesions at this stage. Since the research 
suggested that the best results might be obtained 
by a vaccine containing between 1 = 10° and 
10 x 10° viable organisms per ml. of reconstituted 
vaccine, the manufacturers marketed such a vaccine. 
The Ministry accepted this vaccine as suitable for 
the vaccination of contacts and others and it is 
estimated that at present this freeze-dried vaccine 
is used by about half the authorities using B.C.G. in 
this country. 
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TABLE 


RESULTS OF VACCINATION WITH FREEZE DRIED B.C.G. VACCINE 
SIX TO 12 WEEKS AND ONE YEAR AFTER VACCINATION 














Results Six to 12 WOES after Vaccination . “Tupereutn Fest One Year after Vaccination 
¿© Batch | lability ; | No. | | Local Lesion. : No. | No. (84 
Ne, | Esuntjml | Method of | Com- i Noca | {mm.} Method : Com- : PR 
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BCG (P) = BCG Tuberculin (Lorber, 1957) 


Present Study The routine tuberculin testing consisted of the 
tuberculin jelly test, which was applied by the 
efficiency of this commercially available freeze-dried Health Visitors in the children’s i oe 
B.C.G. and to extend our previous observations by day before they attended the | clinic. This ia 
reporting cn the follow-up of children who were carried out before vaccination and six to eight weeks 
re-examinec one year after vaccination. Altogether after it. If the result was doubtful, or if for some 
1,103 children (mostly contacts) had completed the reason the jelly test had not been p erfor med, oF if 
vaccination procedure after the completion of our the result was negative after vaccination, the Heaf 
previous trials. These were all vaccinated with test was used and read 96 hours later. Those still 
commerci y available batches. In addition we PESatve were finally tested with 100 T.U. eMantoun 
recalled f of examination and tuberculin tested I 100). The PAUE procedure was used one year 
1,005 chik ren one year after their vaccination. after vaccination. 

Of these, 434 were vaccinated earlier with experi- 
menial batches of widely differing viability counts 
(0-1 x 10 to 23 x 106 per ml.), and 571 with 
commercial batches of far more uniform viability 
counts (2:4 x 10° to 8-0 x 10° per ml.) (see Table). 


The purpose of this paper is to report on the 














The vaccination lesions. A small group of 40 
children was vaccinated with a batch containing 
8 x 10® viable organisms per ml. The lesions in 
these were unduly large, averaging 15 mm. in 
diameter and crusting frequently occurred. The 
remaining 1,063 children were vaccinated with 
o Vaccination and tuberculin testing technique. All batches containing 2-4-5-0 x 106 viable organisms 
subjects had been shown to be tuberculin negative per ml. The vaccination lesions in all these were 
a minimum: of six weeks after exposure to tuber- very acceptable, with an average diameter of in- 
culous infection. They were then vaccinated with duration of 6mm. No ulceration was seen in any 
B.C.G. and were kept away from such exposure for and the regional lymph glands in the axilla did not 
a further period until tuberculin conversion was become palpable. One year after vaccination there 
demonstrated six to eight weeks later. Freshly was only a shallow colourless depression. 
reconstituted vaccine, 0-1 ml. was injected intra- 


dermally at the level of the insertion of the left Tuberculin tests. All but four of the 1,103 ss : 
deltoid muscle. (99-69%) children vaccinated with these commercial 
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batches became tuberculin positive six to eight weeks 
after vaccination and only one in 10 of those who 
had a jelly test required a. Heaf test to prove tuber- 
culin conversion. 

Of the 434 children who were vaccinated earlier 
with experimental batches, 432 (99-7°%) were 
tuberculin positive a year after vaccination and the 
only two negative reactors have not been tested 
either with the Heaf test or with 100 T.U. intra- 
dermally. It is of great interest that 83 children 
who had been vaccinated with the weakest vaccine 
containing only 0-14 x 108 viable « organisms per ml., 
and whose post-vaccination conversion rate was 
only about 56%, all became tuberculin positive 
one year after vaccination. 


Conclusion and Summary 


Freeze-dried B.C.G. has been. proved in the 
laboratory to be of uniform consistency with a 
viable bacterial count which, if kept in a cool place, 
persists unaltered in the dry state for a year or 
longer. It is safe and convenient to use. Suspen- 
sions, 0-1 ml., containing approximately 2-5 x 108 
organisms per ml. were injected. intradermally into 
over 1,000 children. The- result was a papule, 
averaging 6 mm. in diameter. There was neither 
ulceration nor enlargement of the regional lymph- 
nodes. Tuberculin conversion was demonstrated 
in virtually 100% six to eight weeks after vaccina- 
tion and a positive tuberculin reaction was main- 
tained for up to at least one year after vaccination. 
In the case of others who were vaccinated with 


ARCHIVES: OF DISEASE IN CHILDHOOD 


weaker vaccines the proportion of positive reactors 
increased with time, indicating the probability that 
prolonged tuberculin sensitivity will be produced 
with the freeze-dried vaccine in current ase. 


It is a great pleasure. to. TE Dr. L Ungar and 
Dr. P. W. Muggleton of Glaxo Laborateries Ltd. for 
their continued help with: these investigations, for 
supplying us with the laboratory data and for providing 
the vaccines: the Chest Physicians of Sheffield for referring 
so many patients to us, Dr. Llywelyn Roberts, Medical 
Officer of Health, Miss L Littlewood, Superintendent 
Health Visitor, and her staff of the City of Sheffield, for 
their assistance, Professor R. S. Illingworth for his 
criticism. and the Tuberculosis. Research Fund of the 
University of Sheffield for a research grant to one of 
us (P.C.M.). 
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oA ASE C OF OSTEOPETROSIS ; (ALBERS- SCHÖNBERG) 


WE H INT ERCURRENT PNEUMOCYSTIS PNEUMONITIS 


BY 


W. AHERNE 
From the Department of Pathology, Radcliffe Infirmary, Oxford 


(RECEIVED. FOR PUBLICATION JANUARY 26, 1960) 


_Albers-Schnberg (1904, 1907) defined the clinical 
and radiclogical features of a sclerosing disease of 
bone for which Karshner (1926) suggested the term 
osteopetrosis. As published cases of the disease 
accumulated, two. types came to be distinguished 
(McCune and Bradley, 1934; Harnapp, 1937; 
Nussey, 1938; Zetterström, 1958). The first, or 
clinically ‘malignant’ type may be characterized by 
a refractory and often leucoerythroblastic anaemia, 
enlargement of liver, spleen and lymph nodes, 
a liability to multiple fractures, and death in infancy 
or early childhood. In the second or clinically 
‘benign’ type, more commonly seen in adults, 
anaemia is mild and the osteosclerosis, though 
often severe, may yet be symptomless. 

In the more severe forms of osteopetrosis, inter- 
current infection, particularly of the respiratory 
tract, is a serious hazard. The case to be reported 
here, an example of the ‘malignant’ type, succumbed 
to an interstitial ‘plasma cell’ pneumonitis. 

Though this unusual pneumonitis has been 
recognizec for many years in central Europe its 
aetiology ad been obscure until 1951. In that year 
Vaněk, in Czechoslovakia, identified Pneumocystis 
carinii im the lungs of all of a series of 16 fatal 
cases of this disease. In a series of papers (Vanék, 
1951; Vanék and Jírovec, 1952; Vaněk, Jírovec and 
Lukeš, 1953) evidence was presented that Pneumo- 
eystis carinii was the causal agent of interstitial 
plasma cell. pneumonitis. Nevertheless, Deamer 
and Zollinger: (1953), who first drew American 
attention to the disease, concluded that it was 
probably a viral one; they dismissed a fungal or 
protozoal agent as unlikely. Baar (1955) reported 
the first case to be observed in England and sub- 
scribed to: the hypothesis that Pneumocystis carinii 
was. the pathogen. The subject is comprehensively 
reviewed by Gajdusek (1957). 

Pneumoeystis carinii pneumonitis has been found 
associated with congenital agammaglobulinaemia 
(Hutchison, 1955; Bird and Thomson, 1957; 
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Russell, 1959), cytomegalic inclusion. disease (Baar, 


1955; Hamperl, 1956), and neoplastic disease of the 


lympho-reticular tissue in both children and adults 
(Vanék, 
Vinh, 1954; Hamperl, 1956). Association with 
Albers-Schonberg’s E has appara 
not been reported before. 


Case Report 


W.T. (Reg. No. R.F. 250922), was a male infant, the- 
first-born and only child of healthy unrelated parents. 
Pregnancy and labour had been uneventful. In the first 
24 hours bruises were noticed on his upper lip and on 
several toes. These bruises disappeared within a few 
days. On the second day he regurgitated blood-flecked 
milk. Nothing further happened until the 13th day when 
another bruise appeared on his right leg and a small 
haematoma-like swelling was found on his umbilicus. 
As these subsided others appeared near the anus and 
over the chest wall. He became progressively paler. 

On admission to hospital at 3 weeks of age, he was 
pale but aoe vigorous.and not acutely ill. He 
weighed 5 Ib. 14 oz. There were bruises on the left 
chest, right thigh, right groin and umbilicus. A small 
abscess cavity was found close to the anus posteriorly. 
The liver was palpated about a finger breadth below 
the costal margin, and though. the spleen was not pal- 
pable at first it could be tipped after four days and readily 
palpated within a week. Apart from these there were no 
unusual clinical findings. 


Laboratory Investigations on Admission. Hb 45% _ 
(6-6 g./100 ml.); erythrocytes showed some anisocytosis 
and poikilocytosis; there were no Heinz bodies. Leuco- 
cytes 34,000/c.mm. (blast cells 340, promyelocytes 700, 
myelocytes 1,400, band forms 2 700, segmented neutro- 
phils 12,000, eosinophils 700, monocytes 3,400, lympho- 
cytes 13,000); reticulocytes 1-0% ; normoblasts (occasion- 
ally in mitosis) 5/100 leucocytes. There was, therefore, a 
severe leucoerythroblastic anaemia (Fig. 1). In addition, 
the platelet count (Lempert) gave 21,000/c.mm. (a propor- 
tion of which were abnormal giant forms) and the bleeding 
time (Ivy) was prolonged to 13 minutes. Clotting time 
(Dale and Laidlaw) was normal at 1 min. 50 sec. and the 





1952; Jirovec and Vaněk, 1954: Le Tan ` 
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Fic. 1.—Peripheral blood film showing immature erythroid and 
myeloid cells. May-Gruenwald-Giemsa x 584. 


tourniquet test was negative. The blood group was 
O Rh positive. The direct Coombs test was negative 
and the mother’s serum was found to be compatible 
with the patient’s erythrocytes. No platelet agglutinins 
could be demonstrated in the mother’s serum. The 
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toxoplasma dye test dilution was 1/6 and the toxoplasma 
complement fixation test was negative. Wassermann and 
Kahn reactions were negative in both mother and infant. 


Puncture of the tibial marrow was attempted unsuccess- 
fully. 


Progress in Hospital. Towards the end of the first 
week in hospital the perineal abscess was evacuated. 
A scalp vein transfusion of 110 ml. of blood brought 
the Hb level to 96% (14-2 g./100 ml.). After this there 
was some clinical improvement, but within 17 days the 
Hb had fallen again to 58% (8-6 g./100 ml.), i.e. at the 
rate of about 2-6% (0-3 g./100 ml.) daily although 
there was no haemorrhage during this period. The 
fluctuations in the haemoglobin levels are shown in 
Fig. 2 in relation to blood transfusion and blood loss. 
Serial leucocyte and platelet levels are shown in the 
Table. 

Further scalp-vein transfusion of 100 ml. of blood 
restored the Hb to 96% (14-2 g./100 ml.). Five days 
later he developed epistaxis and began to ooze blood 
from the gums. About this time it was observed that 
any skin punctures tended to bleed excessively. During 
the next three weeks the Hb fell steadily to 46% (6°8 
g./100 ml.) necessitating blood transfusion once again. 
A transfusion of 150 ml. was therefore given by an 


BLOOD 
TRANSFUSION 
1OOnl. 180 mi 
' BLOOD 
LOSS 
PREDNISOLONE 
APRIL MAY JUNE 


Fic, 2.—Serial haemoglobin levels. Blood transfusions and episodes of bleeding are arrowed. 
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TABLE 
SERIAL LEUCOCYTE AND PLATELET LEVELS 





antecubital vein. Meanwhile the spleen was noted to 
be enlarging gradually. Septic skin lesions on the head 
and on the eft hand were treated with oral terramycin. 

Towards: the end of the second month in hospital it 
was decided to treat him with prednisolone, at first in 
a-dose of lamg. twice daily, increasing over the next four 
weeks to a maximum of 4 mg. four times a day. With 
this his general condition improved considerably, 
although he continued to show purpuric lesions over the 
skin anc abdomen. The platelet count began to rise 
shortly after administration of prednisolone and reached 
the normal tevel of 240,000/c.mm. during the subsequent 
eight weeks. | 

Nevertheiess, episodes of bleeding continued. Ten 
days after the start of prednisolone treatment severe 
epistaxis began again and continued in bouts during the 
next three weeks. It was eventually controlled by intra- 
nasal adrenaline sprays. By this time Hb level had 
fallen to 484 (7-1 g./100 ml.), now at the rather slower 
rate of i-4%, daily. A further blood transfusion of 
100 ml. was given. 

Marrow puncture was attempted again and yielded, 
with some diffculty, a hypocellular but otherwise normal 
‘marrow. As a fortnight passed without blood loss, and 
he was in good general condition, he was discharged 
home on 1€ mg. of prednisolone daily. 

While at home he caught a ‘cold’ and developed a 
cough. Hewent off his feeds, which he had been taking 
well til ther. He was therefore re-admitted, now 
-at the age of 44 months. On examination his temperature 
-was 99-6° F. and his breathing rate was 64 per minute. 








clinically and radiologically clear. 
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His colour was dusky and he looked ill. There was some 
nasal discharge and reddening of the fauces. 

His breathing was grunting in character; the alae nasi 
were working and there was some intercostal recession. 
However, the percussion note and the breath sounds were 
normal and there were no adventitiae. The liver and 
spleen were still palpable but now smaller. A chest 
radiograph showed no definite radiological lesion. 

Two days later there was a fresh crop of purpuric 
lesions on his abdomen, although his platelet count 
was now normal. He maintained a persistent low-grade 
fever with some cough but no physical signs in the chest. 
After a further transfusion of 180 ml. blood, which 
brought his Hb level from 62% (9-1 g./100 ml.) to 
95% (4-1 g./100 ml.) his general condition improved 
though his breathing remained rapid and there was 
some further bleeding from nose and rectum. At this 
time the spleen had receded so that it could only be 
tipped. He was feeding well and seemed happy: He 
was discharged once again on prednisolone and oral 
erythromycin. 

He was re-admitted five days later because his cough 
had become worse and he had gone off his feeds again. 
On examination he was pale and ill and had a weak cry. 
His breathing was still rapid though his chest appeared 
The liver was pal- 
pable two or three finger breadths below the costal 
margin; the spleen could not be felt. He remained 
somewhat febrile, breathing at the rate of 60-120/min. 
On the 10th day of this admission he died suddenly 
at the age of 6 months. 
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Morbid Anatomy. At autopsy (P.M. 512/58) the 
following were the main macroscopical findings: 


MACROSCOPICAL FINDINGS 


Lungs. The lungs failed to retract as the chest was 
opened. Both were of a mottled café-au-lait colour. 
They presented a curious, vaguely nodular consolidation 
which was more marked in the lower lobes. The cut 
surfaces were dry and showed small scattered yellowish- 
white areas. The tracheobronchial tree was normal. 

Liver. The liver (196 g.) appeared normal in size, 
consistency and colour. 

Spleen and lymphoid tissue. The spleen (16 g.) was 
rather firm, but not appreciably enlarged. The cut 
surfaces appeared normal. Lymph nodes in general 
were inconspicuous. The thymus was involuted. 

Bones. The calvarium appeared to be of average 
thickness and density. The features of the base of the 
skull were not detectably abnormal and the middle ears 
were opened without difficulty. Both femora were 
shorter than normal and very slightly clubbed. They 
proved very difficult to cut because of a dense sclerosis 
of the medullae. A vertebral body was similarly 
sclerosed. These excised bones and the remainder of 
the skeleton were radiographed and showed the following 
features: There was an overall increase in the density of 
the femur as compared with a normal control (Fig. 3). 





Fic. 3.—Femur showing osteopetrosis compared with normal femur 
of similar age. 
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Trabecular detail was obscured and marrow spaces 
appeared small. Particularly dense transverse bands 
occupied the metaphyseal growth zone; that in the distal 
metaphysis of the femur measured more than | cm. 
in the axis of the bone. The distal epiphyseal centre of 
ossification was rather small and dense. Very similar 
changes were visible symmetrically in tibiae. fibulae, 
humeri, radii and ulnae. Clubbing was more obvious 
at the distal ends of the radii and the tibiae than else- 
where. Similar but slighter bands of metaphyseal 
density were visible in metacarpal bones. Pelvic bones, 
vertebrae, ribs, clavicles and scapulae showed some 
overall increase in density. In carpal, tarsal and skull 
bones the changes were too slight for dependable assess- 
ment. 


HISTOLOGICAL FINDINGS 


The Lungs. Both lungs showed an overall mterstitial 
fibrosis. This was mainly due to an increase im reticulin 
but occasional collagen bundles contributed te it. The 
thickened alveolar walls and septa were infiltrated by 
mononuclear cells, some of which resembled plasma cells. 
Polymorphonuclear leucocytes were not seem in signi- 
ficant numbers. The alveoli and alveolar ducts in most 
areas contained an eosinophilic foamy material which was 
bordered in some alveoli by coalescing macrophages 
(Fig. 4). This material gave the tinctorial reactions of a 
polysaccharide (periodic acid-Schiff) through which 
small chromatin bodies (Giemsa: Feulgen) were dis- 
tributed. It did not contain fibrin (Mallory’s photo- 
tungstic acid-haematoxylin) or mucus (mucicarmine). 
Silver impregnation (Hortega) confirmed the presence of 
morphologically typical Pneumocystis carinii (Fig. 5). 
Viral studies were not made. The appearances were 
those of an interstitial pneumonitis in which the only 
detectable organism was the Pneumocystis carinii. 

The Liver. The parenchymal cells contaimed rather 
large quantities of stainable iron. 

The Spleen. The sinusoids were prominent and their 
littoral cells were plump. Many sinusoids contained 
large pale free macrophages. These phagocytes con- 
tained nuclei or fragments of nuclear material, a good 
deal of iron pigment and an occasional red cell ghost 
(Fig. 6). There was some excess of reticulin in the 
stroma. No evidence of haemopoiesis was found. 

Lymph Nodes. These showed a fairly well marked 
excess of reticulin. Active haemopoiesis was visible 
in some nodes. 

Bones. The disturbances affected endochondral ossi- 
fication only mildly. Those seen in the femur will be 
taken as illustrative. Mutatis mutandis, milar changes 
were seen in other sites. The most striking feature was 
a massive persistence of calcified cartilage (the primary 
spongiosa) as irregular longitudinal islands. bordered 
and occasionally penetrated by immature new bone 
(Fig. 7). In the electron microscope the calcification of 
this cartilage was seen to be patchy but often unusually 
dense. The metaphyses were thus packed with stout 
anastomosing trabeculae of unresorbed primary elements 
and the enclosed marrow spaces were correspondingly 
small. This thicket extended in a modified form to the 
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Fic. 4.—A group of pulmonary alveoli showing thickened alveolar 
walls and the foamy material of Pneumocystis carinii. 
H.and E. x 345. 





FIG. 5.—Pneumocystis carinii as demonstrated by silver impregnation. 
Hortega x 447. 


po 





Fic. 6.—Composite picture of three splenic fields showing phago- 
cytosis of a nucleated cell, an erythrocyte and some cell] debris. 
H. and E. x 620. 
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diaphysis. Here spongy bone was still excessive but 
the cartilaginous component» was diminished and the 
marrow spaces were considerably larger. In polarized 
light much of the new bone bordering the persistent 
cartilage showed normal lamellation. On the other 
hand the bone which had formed within vacated cartilage 
cell capsules showed no orientation of its collagen fibres. 
Both varieties of new bone were Schiff-positive. 
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Fic. 7.—Metaphyseal growth zone of femur, showing abnormal 
persistence of cartilage and formation of dense chondro-osseous 
mosaic. H.and E. x 172. 


Periosteal ossification was less disturbed but Haver- 
sian systems appeared poorly formed in many areas. 
Occasionally the cortex included some persistent cartilage 
and immature bone. 

Bone Marrow. Thesmall marrow spaces in the growth 
zone contained an excess of reticulin through which ran 
thick-walled capillaries. Normal bone similarly stained 
showed more delicate mesenchyme and larger thin-walled 
vessels in this region. The osteopetrotic metaphysis 
appeared less vascular than usual and the capillaries 
morphologically abnormal. 

Haemopoietic tissue occupied the marrow spaces in 
the remainder of the bone. Erythropoiesis and leuco- 
poiesis were both in progress and occasional mega- 
karyocytes were seen. There appeared to be a mild 
hyperplasia of myelocytes, and colonies of these cells 
were especially noted along the adventitia of small 
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arterioles and along the borders of many trabeculae. 
Fat cells were very scanty. This marrow differed from 
normal marrow, similarly stained, in being more densely 
cellular and in not showing the usual prominence of 
marrow sinusoids. Where sinusoids could be discovered 
they contained both erythropoietic and leucopoietic 
cells, an appearance which suggested intravascular 
haemopoiesis. 

Other Organs. Apart from some foci of calcium 
deposition in the medulla of the kidneys other organs 
were unremarkable. 


Discussion . 

Generalized osteosclerosis in infancy may te 
secondary to congenital syphilis, heavy metal 
poisoning, excessive dosage with vitamin D and 
perhaps leukaemia. Of these diseases only leu- 
kaemia merits consideration in the present case. 
However, leukaemia typically causes osteolysis and 
on the rare occasions when it causes sclerosis this 
is found to be due to direct metaplasia of reticular 
or collagenous structures into woven bone (Windholz 
and Foster, 1949). Therefore this disease also may 
te ruled out. 

Alkers-Schonberg’s osteopetrosis, on the other 
hand, accounts satisfactorily for both the clinical 
and the pathological findings. The clinical features 
closely resemble those of cases reported by Pines 
and Lederer (1947) and Turano, Fagan and Corbo 
(1954). The pathological structure of the bone is 
typical of osteopetrosis. As in previously reported 
cases the most obvious and probably the primary 
abnormality is a persistence of the calcified carti- 
laginous scaffolding upon which new bone is built. 
Layers of new Schiff-positive bone are seen on the 
surfaces of the cartilage masses, and tinctorially 
similar bone appears in the spaces from which 
cartilage cells have vanished. Normally a pro- 
visional design of this sort undergoes considerable 
modification. Most spongy bone and all remnants 
of cartilage are resorbed from the marrow cavity 
and increasingly lamellated bone is incorporated 
peripherally into the cortex. The appearances in 
the present case may be interpreted as the effect 
of a retarded remodelling process. Relatively little 
lamellar bone is present. Islands of immature 
bone, of which the collagen is unorientated, form 
a mosaic with the persistent irregularly calcified 
cartilage. The tensile strength of such tissue must 
be well telow normal in spite of its apparent 
solidity. 

Either the cartilage matrix is unusually resistant 
to remodelling or the mechanism of remodelling 
is defective. Of course, both factors may cooperate, 
but there is no evidence at present of abnormal 
cartilage matrix. On the other hand the vascular 
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metaphyseal mesenchyme, which plays a major 
part in resorptive modelling, may well be at fault. 
Evidence in favour of this. thesis may be found in 
the experimental work of Trueta and Amato. (1960). 
They found that interruption ‘of the blbod supply 
to the metaphysis of growing bone inhibited the 
resorption of chondro-osseous tissue and delayed 
the formation of final. bone. Large zenes of 
calcified cartilage and preliminary bone remained 
at a level in the metaphysis where, nermally, re- 
modelling is taking place. 

Many authors (McCune and Bradley, 1934; 
Lamb and Jackson, 1938; Clifton, Frank and 
Freeman, 1938; Pines and Lederer, 1947) have 
adopted Klemperer’s (1931) suggestion that the 
fundamental disturbance in Albers-Schénberg’s 
disease may lie in the undifferentiated mesenchymal 
anlage, the common progenitor of bone and marrow. 
Osteogenesis and haemopoiesis, according to this 
hypothesis, are both blighted by a prior defect 
involving mainly the former process in benign cases 
and the latter in malignant. But in the present case 
histological study did not suggest an intrinsic defect 
of osteogenesis. Similarly, Zetterstr@m’s (1958) 
biophysical studies led him to the conelus:on that 
osteopetrotic bone comprises all those types of 
skeletal tissue which appear during the normal 
development of bone, the abnormality being a 
failure of normal removal. Furthermore, Pines and 
Lederer (1947) noted that the skeleton in general 
was poorly vascularized but that bone and marrow 
approached normal at sites of enhanced vascularity. 
In the present case also an impressien of poor 
skeletal vascularity and of abnormal vessel structure 
was gained. The hypothesis of mesenchymal 
perversion might therefore be restated in a form 
which postulates abnormal vasoformeation rather 
than abnormal osteogenesis. This view would 
suppose a mesenchymal defect which may involve 
predominantly the vascular remodelling tissue in 
benign osteopetrosis or the closely alied haemo- 
poietic tissue in malignant osteopetrosis. 

As in the cases of Lamb and Jackson (1938), 
Kramer and Halpert (1939), and others, the refrac- 
tory anaemia could certainly not have been due to 
a simple crowding out of otherwise healthy haemo- 
poietic tissue, as is commonly supposec to happen. 
In the present case the volume of the marrow 
cavity was estimated and found to be fully 70% of 
normal. Moreover, the marrow tissue was a good 
deal more cellular than normal. Therefore a 
merely mechanical theory of Syehacnonuss is 
plainly inadequate. 

Though one may hypothetically aitribute the 
leucoerythroblastic anaemia to a dysplasia of 
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“marrow tssue other mechanisms must also be 
evaluated. Skin sepsis and episodic haemorrhage 
. must have played their parts, though the haemo- 
¿globin level continued to fall on occasions when 
“neither wes operative. Red cell destruction pro- 
-bably plaved a major part. Zetterström (1958), 
¿using a radioactive chromium technique, found 
` a mean red cell survival time of 35-40 days in one 
of his cases, a patient aged 10 years. With 
colleagues (Engfeldt, Karlberg and Zetterström, 
1955) he ound a shortened survival time of both 
“native anc donor cells in another patient aged 6 
years, though this observation was not expressed 
quantitatively. He therefore suggested that the 
anaemia may be due to hypersplenism. Loeb, 
Moore and Dubach (1953) have found this to be 
true of certain cases of myelosclerosis; in these, 
splenectomy restored a shortened red cell survival 
time te normal. Sjölin (1959) reported four cases 
of malignant osteopetrosis in each of which acceler- 
ated red eell destruction was proved isotopically. 
Splenectorzy improved the haemoglobin level in all 
cases, though the red cell survival time was not 
always restored permanently to normal. The 
platelet count, which had been low in all four cases, 
returned to normal and reticulocytosis diminished. 
The authcr concluded that hypersplenism was an 
important feature of malignant osteopetrosis. 

Though no direct estimate of red cell survival 
was made in the present case the concept of hyper- 
splenism is apposite. Admittedly a cellular marrow 
is not necessarily a productive one but the abun- 
dance of maturing cells, together with the presence 
of normeblasts in the peripheral blood and a con- 
tinuous reticulocytosis, suggest that the anaemia 
was not wholly due to a failure of production. 
Furthermere, the steep fall of haemoglobin level 
(2:6°% daily before administration of prednisolone), 
the marked haemosiderosis of liver and spleen 
(partly dwe to transfusion, no doubt) and the 
apparently. enhanced activity of splenic phagocytes 
suggest excessive destruction. 

The leuxaemoid reaction is commonly supposed 
to be an expression of extramedullary haemopoiesis, 
at least in part; immature cells escape into the blood 
stream more easily from ectopic sites in soft organs. 
But the extent of haemopoiesis in the tissues at 
autopsy vas surprisingly slight, as in many pre- 
viously reported cases (Reiche, 1929, quoted by 
McCune end Bradley, 1931; Pease, DeSanctis and 
Alter, 1934; Lamb and Jackson, 1938). An alter- 
native cause may lie again in dysfunction of the 
bone marrow itself, for which the observed myelocytic 
hyperplasm and the apparently intrasinusoidal 
haemopcissis afford some evidence. 
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The tendency to haemorrhage is not completely 
explicable by thrombocytopenia and may have had 
a thrombasthenic component. Siegel, Friedman 
and Schwartz (1957) reported a patient with osteo- 
genesis imperfecta tarda and an associated haemor-_ 
rhagic diathesis due to increased capillary fragility 
and abnormal platelet function. These authors 
believed that their case represented a congenital 
defect involving two tissues of mesenchymal origin, 
the osseous system and the platelets. In the present 
case morphologically abnormal (giant) platelets 
were present and the haemorrhagic tendency per- 
sisted after the total platelet count had returned to 
normal. | 

Treatment with prednisolone brought about some 
improvement in the child’s general condition and 
appeared both to decelerate the fall of haemoglobin 
level and to correct the leukaemoid state. The 
sclerosing process in the skeleton, on the other hand, 
was not abated. This is surprising, in view of the 
experimental findings of Baker and Ingle (1948) 
that Il-oxysteroids inhibited the proliferation of 
cartilage cells and brought about a profound and 
general atrophy of osteoblasts, so that the resorbtion 
of metaphyseal trabeculae occurred more rapidly 
than their formation. One might have expected 
prednisolone to be the rational treatment of osteo- 
petrosis. 

Prednisolone may have predisposed to infection 
with Pneumocystis carinii by further depression of 
a naturally low resistance. The result was the 
development of an interstitial pneumonitis of a 
type usually found in premature weakly infants or 
complicating diseases of the lymphoreticular system. 
It is of interest, furthermore, that prior and current 
treatment with prednisolone did not inhibit the 
development of a marked interstitial pulmonary 
fibrosis. 

Summary | 

A case of ‘malignant’ osteopetrosis is reported. 
The patient presented in the neonatal period suffering 
from a leuco-erythroblastic anaemia complicated by 
a haemorrhagic tendency, and died at the age of 
6 months primarily of an interstitial pneumonitis 
due to Pneumocystis carinii. An attempt is made to 
illustrate some of the problematical features of 
osteopetrosis. Future research might be directed 
towards studying the vascularity of the bone, 
evaluating the respective roles of dyshaemopoiesis 
and increased red cell destruction, and determining 
the adequacy of platelet function. 


My thanks are due to Dr. Victoria Smallpeice for — 
permission to publish this case, to Dr. A. H. T. Robb- 
Smith and Professor J. Trueta for critical advice, to 
many colleagues for their stimulating views, and to 

















502 
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_ The norm-haemolytic anaemias of the newborn 
have recertly attracted the attention of many 
‘investigators. Of particular interest has been the 
anaemia due to occult blood loss of the foetus into 
the maternal circulation (Wiener, 1948; Chown, 
1954: Ganson, 1957. 

Another type of intrauterine occult blood loss 
has been recognized in the last few years as being 
due to transfusion of blood from one uniovular twin 
to the other through anastomotic vessels in the 
placenta (Herlitz, 1942; Bosma, 1954; Klingberg, 
Jones, Allan and Dempsey, 1955; Bergstedt, 1957; 
Betke, Demel and Schlicht, 1958; Sacks, 1959). 
The presen: paper describes a similar case and our 
attempts to rectify it. 


Case Report 


The motber, a multigravida, 29 years of age, gave 
birth eight weeks before term to twin girls, the first 
weighing 1,250 g. and the second 1,500 g. Both babies 
breathed aad cried immediately after delivery. A 
striking difference in colour was noticed; the first twin 
(A) appeare flushed and red and the second (B) was 
pale withcutsny other signs of anoxia or shock. Venous 
blood was examined six hours after birth and a marked 
difference i the Hb and R.B.C. content was found 
(twin A: Hib 27-8 g. per 100 ml, R.B.C. 9,000,000 
per c.mm.; twin B: Hb 8-2 g. per 100 ml., R.B.C. 
2,600,000 per c.mm.). As it became evident that there 
had been incrauterine transfusion of blood from twin B 
to twin A, we-decided to correct this unequal share of Hb. 
Fight heurs after birth polyvinyl exchange-transfusion 
catheters were introduced into the umbilical vein of the 
babies. The venous pressure was found at the same level 
of 68 em. an both twins. Blood was withdrawn in 
amounts of 5 mi. from the plethoric twin and was 
immediately given to twin B. No anticoagulant was 
used, but each catheter, while not used, was filled with 
a solution cf normal saline containing heparine (1,000 
units to one litre). In all, 25 ml. of blood was removed 
from twin Æ and transfused into twin B. Both twins 
tolerated the procedure well and we could record no 
change in the venous pressure or cardiac rate. As this 
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first transfer of blood was not sufficient to bring the 
haemoglobin values near enough to normal the procedure 
was repeated 31 hours after birth when a further 25]ml. 
of blood was transferred from twin A to twin B. Full 
haematological details are recorded in Table 1. 

The clinical condition of both babies continued to be 
good until the fifth day when twin A developed broncho- 
pneumonia and died two days later in spite of treatment 
with antibiotics. At necropsy the diagnosis of broncho- 
pneumonia was confirmed. The other twin continued 
to thrive and develop normally. 

As soon as the diagnosis of intrauterine transfer of 
blood was made the placenta was examined. This was 
a single-ovum, monochorial, diamniotic placenta, 
weighing 680 g. One of the cords had a marginal 
insertion and its vessels spread over the larger part of 
the placenta. The insertion of the other cord was mem- 
branous and three of its vessels were found ruptured. 
By that time it was impossible to find out to which of the 
twins each cord belonged. A large yellow infarct 
measuring 5 x 6 cm. was seen in the periphery and 
between the two parts of the placenta. No difference 
in colour or fullness of the vessels between the two parts 
could be seen. The rupture of the cord vessels prevented 
us from performing a full ‘milk test’. Nevertheless, 
neither by naked eye nor by injection of fluid through the 
other cord could we see a major anastomosis. 


TABLE 1 
BLOOD DATA OF THE TWINS 





3 { 
| Twin A | Twin B 
Birth weight in grams . . | 1,250 1,500 
Colour at birth N E. | Dark red | Yery pale 
Blood type P 22, wae AD | AD 
Venous blood at 6 hours {Hb g/l00 ml. .., 27-8 | 8-27 
Haematocrit (%) | 82 i 24 
Hb g./100 m i 23-6 | 7-6 
Haematocrit (%) | 74 Ls ae 
Blood from umbilical R.B.C.s per mm.2 | 7,900,000 2,600,000 
vein at 8 hours Reticulacytes (%4) 65 ; 18 
Erythrobiasts per | f 
moo W.B.C. LL: 4 , 67 
Foetal Hb (%0 5 87-3 83-2 
Venous blood at fHb g./100 mi. 21-9 10-7 
22 hours Haematoerit (%) | 72 , 34 
Venous blood 3rd day Hb g./l00 mi... aoe ; 416-5 
Venous blood 5th day Hb g./100 ml. i 18-67 | — 


: 
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TABLE 2 
DATA FROM REPORTED CASES OF INTRAUTERINE BLOOD TRANSFER 























Order of | Birth Weight Initial Hb Icterus Treatment Outcome 
| Sex | Birth (g.) fg, 100 ml) | ; 
Author Of a Benn nee. nn a Een enn Sane Een ane m 
Twins A B |; A B A B | A B | A B A B 
Herlitz (1942) 1 M H = 2,580 1,580 16 % 50% None None None Oraliron | AW | A+W 
Herlitz (1942) 2| F I | 300 2,220 200% o | 65%, | None | None | None Oraliron | A+W A+W 
Bosma (1954) oR a ee a , 31 | 64 | Marked ? ; None ? | Kernik- ? 
| } : , ! } : o ere 
Klingberg et al. e F è F; kh! 2,690 | 1,770. 252] 3} 7: | Moderate None : Removal | Exch. 1 AGW AW 
(1955) .. n] TE Í | ; (S.B42 3) ‘of t00 mi. transi. | 
Bergstedt (1957) . F ff H | 3,030) 1,810: 23-6 13-6) et ee | Slight | None (Oraliron | A+W A+ WwW 
Betke ef al. (1958) | M I Ho 2,600 2,130. 24-6 9-5 Marked Slight | None | Trans- | AiW AtW 
; : ‘ | GS. B.22° 4)) (S.B. 7- D i fusion | 
; i ; | iron, ete. 4 
Sacks (1959) ii M oe Faz 084 L431 24 5-5 | | Marked | None ; pjer | e | Kernik- | peek 
; i i : attempte usion | terus = palsy 
Sacks (1959) 2| M Me F ii 843 1,424 30 E8 — | None | Removal | Trans- | Died ate A+W 
: ; i | | of 60 mi. onon | leetasis | 
| : : : : ; later | ; 
Sacks (1959) 3; F EA, E “pe eee oat 33 E? 8 | Moderate : None | Removal | None L AtW AtW 
; i ; i : (S. Bt: D of75 mi. | i : 
Sacks (1959) 4. Ho II, 1,163. ! LORI, i 2a | ER — — = ; — ‘Died s ; oie at 
| Be ok ee a | | | | T6brs — 26hrs 
Present case a F 1 DE {4,250 1,500: 27-8 | ®& 27 “Slight "None | Removal Trans- | Died at A+W 
. l ; : ; : : of 50 ml; fusion — 7 days 
| 


A = Polycythaemic twin. 


Discussion 

In the literature available to us we found 10 other 
pairs of twins exhibiting the same condition. Table 2 
presents the relevant data from all the cases. 

The present pair is the only one in which the poly- 
cythaemic twin was the smaller of the two. The 
unequal distribution of blood cannot be due, 
therefore, to the same cause as the unequal birth 
weight. 

It is well known that there are numerous 
anastomoses of all types between the placental 
circulations of the identical twins (Schatz, 1898). 
The mere demonstration by the ‘milk test’ of the 
presence of these anastomoses constituting what is 
called ‘third circulation’ (Schatz, 1898) or ‘para- 
biotic circulation’ (Klingberg ef al, 1955) cannot 
explain the unequal distribution of blood. This 
could arise either during labour or exist for some 
time before. In our case the weight of evidence 
is in favour of the second alternative. There were 
no. signs of oligaemia in the anaemic twin who, 
furthermore, showed marked erythropoietic activity. 
It seems, therefore, that the blood loss must have 
taken place sufficiently before labour to allow for 
the homeostatic mechanisms to reconstitute the 
blood volume and to stimulate the erythropoietic 
tissues. For the same reason blood loss through 
the ruptured vessels can be ruled out as the cause 
of the anaemia. Moreover, this explanation cannot 
account for the polycythaemia of the other twin. 

Seip (1956) attributed the slightly higher haemo- 
globin values of the second-born observed in many 


B = Anaemiic twin. 


pairs of twins to an additional amount of blood 
received from the placenta due to more complete 
uterine contractions. However, this explanation 
does not account for the great differences observed 
in the reported cases, in more than half of which, 
the polycythaemic twin was born first. 

The mechanism of the unequal distribution of 
blood before the onset of labour is not clear. 
Klingberg ef al. (1955) observed a difference in the 
colour and fullness of the vessels between the two 
parts of the placenta and believed that the more 
distended vessels belonged to the cord of the anaemic 
twin. They postulated seme sort of obstruction 
in the venous return to the anaemic twin causing 
back pressure and a shunt of blood to the poly- 
cythaemic infant. We believe this to be a likely 
explanation but in our case we could not confirm 
this observation because of the rupture of the cord 
vessels. 

Both twins are at risk but for a different reason. 
The anaemic infant begins. its life with a low Hb 
content and previous authors (Klingberg et al., 
1955: Bergstedt, 1957; Sacks, 1959) gave blood 
transfusions for the correction of the anaemia. 
In the polycythaemic twin severe jaundice with its 
possible consequences is the main risk and in two 
cases (Bosma, 1954; Sacks, 1959) kernikterus 
occurred, while in two others (Bergstedt, 1957; 
Betke et al., 1958) the serum bilirubin was above 
20 mg. per 100 ml. It seems that the higher risk 
of kernikterus in polycythaemic newborn infants 
is due to the increased load of red cell breakdown 
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-products presented to the liver cells for excretion. 
-Klingberg ət al. (1955) and Sacks (1959), with this 
Tiski in mind, removed blood from the polycythaemic 
“twin. 

In our case we avoided the danger facing each 
twin by re: uring to the anaemic infant the blood 
which was shunted to the polycythaemic before 
7 ‘echnically. this procedure proved easy 
‘and it seems the best way to deal with such a 
Situation. | 














Summary 


, A pair of uniovular twins one of which was 
anaemic and the other polycythaemic at birth are 
-described. This difference was due to intrauterine 
transfusio of blood from one twin to the other. 

The faul was corrected by removing blood from 
the poly cythaemic twin and transfusing it to the 
anaemic. | 








We thanx Protas N. Louros for permission to 
‘Publish this case and Drs: M. Pavlatou and F. Fessas 
for help wita the haematological investigations. 
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Very unequal ‘identical’ 


Adiendam 


Another pair of uniovular male twins exhibiting the 
same condition was recently sent to us. Twin A weighing 
2310 g. had Hb 23-3 g. and 7% reticulocytes. Twin B 
weighing 1670 g. had Hb 12-8 g. and 12% reticulocytes. 
When the infants were 14 hours old 40 ml. blood was 
taken from Twin A and given to twin B using the same 
technique as above; 24 hours later twin A had Hb 19-4 g. 
and of twin B 14:-4g. Twin A had slight jaundice never 
reaching dangerous levels. 


PSEUDOHYPOPARATHYROIDISM IN INFANCY 


L. S. 


BY 


TAITZ* 
From the Department of Paediatrics, Coronation Hospital, Johannesburg 


(RECEIVED FOR PUBLICATION FEBRUARY 10, 1960) 


Although many of the previously reported cases 
of this rare condition have occurred in childhood 
it has not previously been diagnosed during the 
first year of life, despite the fact that symptoms 
may begin in infancy (Peterman and Garvey, 1949: 
MacGregor and Whitehead, 1954; Cusmano, Baker 

and Finby, 1956). The following report records the 
youngest example of pseudohypoparathyroidism yet 
reported. 
Case Report 


M.M., a coloured male infant, was first investigated in 
the Paediatric Section, Coronation Hospital, at the age 
of 3 months, for convulsions which had commenced a 
week before admission. There was no history of birth 
trauma, neonatal jaundice or epilepsy in the family. 
Before the onset of the fits the child had been perfectly 
wel]. Until the age of 2 months he had been breast fed 
and this was followed by powdered whole cow’s milk 
reconstituted to a dilution of three parts milk to one 
part water with added sucrose. Lumbar puncture, 
skull and chest radiographs, Wassermann reaction and 
serum electrolytes were all normal with the exception 
of the serum calcium which was found to be 3-0 mEg./. 
(6 mg. %). The child was diagnosed as having hypo- 
calcaemic tetany and discharged on a maintenance dose 
of vitamin D (shark liver oil} 3,000 units daily. 

Three weeks following discharge the fits recurred and 
the infant was readmitted for investigation. 

Examination revealed an underweight male infant 
weighing 7 Ib. 8 oz. in a State of continuous, tetany. 





branes. There was no AR of nuchal rigidity and 
the head circumference was 14-5 in. Both Chvostek 
and Trousseau signs were strongly positive. Examina- 
tion of the heart, lungs and abdomen revealed no abnor- 
malities. Notable features were the short stubby 
fingers and toes and the round contour of the face. 

The mother and grandmother of the child were both of 
markedly short stature (4 ft. 8 in.), but neither showed 
any abnormalities of the digits: There was one sibling, 
a girl aged 3 years, who was quite normal. Blood 
calctum and, phosphorus estimations on the three sub- 
jects were within normal limits. No other member of the 
family was accessible for study. 
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Special Investigations. Radiographs of the skull, 
chest and long bones revealed gross demineralization 
of the entire skeleton. There was no evidence of intra- 
cranial or subcutaneous calcification. 

Estimations on the blood revealed a mild hypochromic 
anaemia (b. 9-6 g. %); the blood urea nitrogen was 
38 mg. % and the serum sodium, potassium and chlorides 
were within normal limits. The Wassermann reaction 
was negative. Protein electrophoresis of the serum 
revealed no abnormalities. The urine contained neither 
albumin nor reducing substance. Microscopic examina- 
tion of a centrifuged specimen revealed nothing of note. 
There was no excess of amino acids on chromatographic 
analysis. Estimations of the 24 hour excretion of both 
calcium and phosphorus were extremely low, the former 
varying between 9 and 12 mg. daily and the latter between 
180 and 400 mg. daily. The pH of the urine was acid. 

The serum calcium was 3-2 mEq./I. and the plasma 
phosphorus was 5-2 mg. °... The alkaline phosphatase 
was 23 King-Armstrong units. 

Fat studies of the stools revealed no evidence of mal- 
absorption. 


Progress. After obtaining a baseline of blood calcium, 
phosphorus and alkaline phosphatase leveb the patient 
was treated with 5,000 units ef vitamin D daily with no 
improvement. | 

Several attempts were made to perform the Ellsworth- 
Howard test but these were frustrated by the inability 
to obtain suitable urine specimens. The patient was 
then given 100 units of parathormone (Li lly) every eight 
hours for four days with no significant rise in the serum __ 
calcium level. This particular batch of hormone had - 
produced a phosphate diuresis in the control subject 
for the Ellsworth-Howard test. 

Throughout the entire period of observation (Fig. 1) 
the serum calcium remained below normal and the patient 
was subject to repeated attacks of tetany until treated 
with dihydrotachysterol (AT10 Bayer) 3 mi. daily with 
added calcium supplements. Thereafter the serum 
calcium rose steadily to normal levels which were main- 
tained. This was associated with a fall in the plasma 
phosphorus. 


Discussion 


The diagnosis in this case rests on the failure of 
parathyroid hormone administered parenterally to 
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Fic, 1.-—Serum calcium, plasma phosphorus and alkaline phosphatase levels and response to treatment. 


“produce a rise in . the: ‘serum calcium with a con- 
~comitant fall in the phosphorus. level. It was 
-found impossible- to collect the hourly specimens 
“required for the Elisworth-Howard test, the diag- 
- nostic. procedure originally advocated by Albright, 
Burnett, Smith and Parson (1942). However, 
“recently, workers have cast doubt on the validity 
-of the procedure- and Suggest that the response of 
-thi “serum. calcium and ‘phosphorus levels to para- 
-thyroid hormone over a definite period of time is 
a more reliable method of assessing tissue response 
to parathyroid (Dent, Bishop and de Mowbray, 
Be MacGregor and Whitehead, 1954; Wilkins, 
957). It is thus felt that the diagnosis in this case 
is. a in spite of the inability, for technical reasons, 
` to demonstrate the classical absence of phosphorus 
_ diuresis. ? 
_ Chief interest in this case lies in the youth of the 
: patient. Many of the previously reported cases had 
cmndergone irreversible changes including cataracts, 








mental deficiency and subcutaneous and intra- 
cranial calcification. Our patient was quite free 
of these stigmata. It seems, at least, likely that 
some of these sequelae might be averted if cases 
were diagnosed early and effective treatment 
instituted before changes occurred. 

Of considerable interest is the presence in this 
patient of skeletal decalcification. Eight similar 
cases have been collected from the literature and it 
appears likely that they form a definite entity. 
In many of this group, demineralization of the bones 


with symmetrical shortening of the metacarpals is 


the dominant radiographic finding (Peterman and 
Garvey, 1949; Elrick, Albright, Bartter, Forbes and 
Reeves, 1950; Reynolds, Jacobson, Edmondson, 
Martin and Nelson, 1952; MacGregor and White- 
head, 1954; Prentice, 1954; Frame and Carter, 1955; 
Oberst and Tompkins, 1955; Jackson, Hoffenberg, 
Linder and Irwin, 1956). This, together with the 
low serum calcium levels suggests that there is a 
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generalized depletion of the total body calcium 
which cannot be accounted for by the accepted 
theory that there is a failure of tissue response to 
parathyroid hormone. In addition, this depletion 
cannot be explained by the ectopic areas of calci- 
fication. It seems likely that there is, in addition 
to the failure of parathyroid response, either de- 
creased absorption of calcium from the gastro- 
intestinal tract. or excessive loss in the urine. It is 
known, however, that urinary loss of both calcium 
and phosphorus is extremely low in these cases. 
Furthermore, nephrolithiasis has not been described 
as a complication. One must conclude therefore 
that calcium absorption is impaired. It is also of 
interest that some cases of pseudo-hypopara- 
thyroidism require additional. calcium supplements 
as well as ATIO or massive. doses of calcifero! in 
order to raise the serum calcium to normal levels. 
The present patient shows this feature. Despite 
the fact that he was receiving three times the recom- 
mended adult dose, it was only when oral calcium 
gluconate was added to the regimen that the serum 
calcium responded. That this defect is not due to 
vitamin D deficiency is indicated by the raised plasma 
phosphorus in these cases. and the normal alkaline 
phosphatase. It seems possible that there is, in 
these patients, a selective block to the absorption 
of calcium from the gastro-intestinal tract. It is 
suggested that this. might take the form of an addi- 
tional enzyme defect in. the intestinal mucosa, 
resulting in the defective absorption of calcium. 
The exact nature and existence of this defect 
can only be elucidated by calcium balance 
studies. 


ARCHIVES OF DISEASE IN CHILDHOOD 


Summary 

Pseudohypoparathyroidism 
4-month-old infant. 

The presence of generalized decalcifieatien of the 
skeleton is noted and eight similar cases collected 
from the literature. 

It is suggested that in addition to the failure of 
tissue response to parathyroid hormone there is an 
additional enzyme defect present, manifesting as an 
impairment of absorption of calcium from the 
gastro-intestinal tract. 

I wish to thank Dr. Harold Falcke and Dr. Harvey 


Cohen, Paediatricians at Coronation Hospital, and 
Dr. O. Elliot, Superintendent at. Coronation Hospital, 


is described in a 





for permission to publish this case and the Photographic: 


section, Department of Medicine, University of the 
Witwatersrand for the Figure. 


REFERENCES 


Albright, F., Burnett, C. H., Smith, P. H. and Parson, W. (1942). 
Pseudo-hypoparathyroidism: an example of ‘Seabright-Bantam’ 
syndrome. Report of three cases. Endocrinology, 30, 922. 

Cusmano, J. Y., Baker, D., H. and Finby, N. £1956). Pseudohypopara- 
thyroidism. Radiology, 67, 845, 

Dent, C. E., Bishop, P. M. F. and de Mowbray: R. (1953). 
Pseudohypoparathyroidism. Proc. roy, Soc: Med., bi 291. 
Elrick, H., Albright, F., Bartter, F. C., Forbes, A. P. ‘and Reeves, 
J. D (1950). Further studies on pseudo-hypeparathyroidism. 

‘Report of four new aor Acta endocr. (Kbho, §, 1991, 

Frame, B. and. Carter, (19535). Pa e e a A 
Neurology, 5, 297. 

Jackson, W. P. U., Hoffenberg, R., Linder, G. C. amd Irwin, L. 
(1956). Syndrome . of ‘steatorrhea, pseudohypoparathyroidism 
and amenar Bea, J. clin. Endocr., 16, 1043. 

MacGregor, M. E. and Whitehead, T. P. (9954). 
tiyran, “Arch. Dis. Childh., 29, 398, 

Oberst, B. B. and Tompkins, C. A. £1955). Py ti ois la 
ism, A.M.A. Amer, J, Dis.. _ ae 205, 

Peterman, M. G. and Garvey, J Yea). 
thyroidism: Case report. Padaria. 4, 790. 

Prentice, R, J. (1 gs Pseudohypoparathyroidism: A case report. 
J. clin. Endocr., 69, 

Reynolds, F. B., akon, G., Edmondson, H. A., Martin, H. E. 
and Nelson, C. H. (1952). Pseudohypoparathyroidism; Report 
of a case showing. bony demineralization. Jbid., 12. 560. 

Wilkins, L. (1957). The Diagnosis and Treatment of Endocrine 
Disorders in Childhood and Adolescence. 2m ec. Thomas, 
Springfield, Hino. 


FPseudo-hypopara- 
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SUBSEROSAL HAEMATOMA OF THE ILEUM 


ANTONIO GENTIL MARTINS 
From the Department of Surgery, Alder Hey Children’s Hospital, Liverpool 


(RECEIVED FCR PUBLICATION DECEMBER 21, 1959) 


Angiomas of the ileum are rare. Their association 
with a duplication cyst has not so far been described. 
The unusual mode of presentation, with intestinal 
obstruction and a palpable mass _ (subserosal 
haematoma) simulating intussusception, have 
prompted the report of the present case. 


Case Report 


N.C., a white male infant, born June 18, 1958, was 
admitted to hospital on May 18, 1959, when 11 months 
old, with a five days’ history of being irritable and appar- 
ently suffering from severe colicky abdominal pain for 
the previous 24 hours. On the day of admission his 
bowels had not moved and he vomited several times. 

He looked pale and ill and a mass could be felt in the 
right hypochondrium. There was no significant ab- 
dominal distension and the bowel sounds were within 
normal limits. A saline enema was given which showed 
a small amount of mucus but no blood. A diagnosis 
of intussusception was made, and after resuscitation 
with intravenous therapy the same evening laparotomy 
was performed, which showed no evidence of intus- 
susception, but instead a large subserosal haematoma, 
involving approximately 7 cm. of ileum, 30 cm. from the 
ileo-caecal junction, and which formed the tumour that 
had been felt clinically (Figs. 1 and 2). In the middle 
of the haematoma there was a hard yellow small tumour; 
the mesenteric glands were slightly enlarged and some 
were blueish in colour. Resection of the diseased 
segment with end-to-end anastomosis was performed, 
and the appendix was removed. 

The child remained ill for a few days but recovered 
and was discharged home on the seventh postoperative 
day, when he was taking feeds well and gaining weight. 

When last seen, two months after operation, he was 
thriving and no further appointment was considered 
necessary. 

The appendix, as expected, showed no macro- or 
microscopic abnormality; the mesenteric gland showed, 
on microscopic examination, only sinus catarrh. The 
resected gut, on macroscopic examination, showed 
‘a segment of intestine 9 cm. long, half way along which 
there was a haemorrhage over an area of 4 cm., which 
had lifted the serosa from the rest of the wall. On the 
outer aspect, also half way, there was a small diverti- 
culum 1 cm. long, which, however, did not appear to 


communicate with the lumen of the small bowel. 
Opposite, the mucosa had a small erosion’. 

Microscopical examination (Figs. 3, 4 and 5) showed 
that ‘considerable haemorrhage had occurred in the 
serous, muscular and mucous coats. The mucosa, 
however, was viable and the maximal ‘zone of damage 
was towards the serosa. Numerous large capillaries were 
present in the coats. The lining of the diverticulum 
formed by glandular epithelium suggesting ileal mucosa 
was partly destroyed, but it had a well-formed muscular 
coat’: it was considered to be probably a duplication. 
The main diagnosis was that of haemangioma of the 
ileum. 





Fic. 1.—Resected specimen showing subserosal haematoma and 
narrowing of the intestinal lumen as well as a small mucosal erosion 
at the level of the duplication. 





Fic. 2.—Resected specimen showing duplication cyst. 
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Fic. 3.—Low power magnification showing numerous vascular 
spaces in the subserosal area and a large area of haemorrhage in the 
submucosa. 





Fic. 4.—Low power magnification of the sda cyst and the 
common muscular wall with the intestine. 





Fic. 5.—Lower power magnification in the main zone of haematoma 
formation, with haemorrhagic infiltration of all the bowel wall. 


Discussion 
As haemangiomas are common in children it is 
surprising to find how rarely they involve the gastro- 
intestinal tract. The great majority of cases have 
been reported in adult life. According to Hansen 
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(1948) only 66 haemangiomas of the small bowel 
have been reported in the literature, and of these, 
only two were malignant (Ewing, 1940). Raiford 
(1932) quoted by Rickham (1952) found, in a series 
of 11,500 autopsies, that haemangiomas-of the small 
bowel constituted 0-3 °% of all tumours of the gastro- 
intestinal tract. 

They can be diffuse infiltrating lesions with 
resultant thickening of the wall and narrowing of 
the lumen, or localized tumours projecting into the 
lumen. They are sometimes multiple and may be 
associated with haemangiomas elsewhere. 

Simple capillary and/or cavernous haemangioma 
of the small bowel present frequently with gastro- 
intestinal bleeding and occasionally are the leading 
point of an intussusception. More rarely they can 
lead to intestinal obstruction, due to the size of the 
tumour itself. 

We think the case reported here is the first case 
described which presented by a subserosal 
haematoma. The differentiation from an intus- 
susception was obviously impossible clinically. 
Treatment, however, was not influenced by the 
diagnosis as laparotomy was indicated in both 
cases. 

Subserosal haematomas leading to intestinal 
obstruction have been reported by Zabin (1952), 
Lampert, Goodfellow and Wachowski (1954), and 
Robbarts (1957), but in those cases the children were 
older, with a definite history of non-penetrating 
abdominal injury, and examination of the resected 
specimens did not show haemangiomas. They 
were usually found near the more fixed zones of the 
gut, mainly near the duodenojejunal flexure. 

The finding of a tumour in the centre of the area 
of haematoma måde us look for some relationship 
between them, but without success. The tumour 
was small, smooth, rounded and yellowish, with a 
well-defined muscular wall in part common to the 
gut wall. It was cystic, with no communication 
with the intestinal lumen, and must be considered 
as a small duplication cyst. Although it is true 
to say that no agreed theory has so far been presented 
to explain the formation of those intestinal duplica- 
tions, it seems certain that embryologically the 
haemangioma and the duplication have different 
origins and must be considered as coincidental but 
unrelated findings. Duplications of the gut, although 
not frequent, are a well known entity to the paedi- 
atric surgeon: Gross (1953) describes 71 cases, of 
which 19 were in the ileum. In the Alder Hey 
series Basu (1959) found seven in the ileum, out of 
a total of 29. 

Although intramural haemorrhage in association 
with duplication of the intestine has been described 
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owe scou not find, in our case, evidence of the bleed- 
ing being due to the duplication. 

he treatment of subserosal haematoma is 
res particularly when associated with any 
her bowel lesion, e.g: tumour, duplication. In 
the traumatic cases also we favour resection and féel 
at the simple evacuation of the blood clot, 


















„and Robbarts (1957) should only be employed in 
exceptional circumstances when resection is too 
. risky or contra-indicated. 


‘Summary 


=- A case of haemangioma of the ileum in an 
of 1-month-old boy, presenting with subserosal 
“haematoma leading to marked narrowing of the 
lumen and to intestinal obstruction, and showing 
oa. clinical © pices typical of intussusception, is 
“reported, | 


although successfully used by Lampert et al. (1954) | 


Basu, R. (1959), 


Sil 


A small duplication of the ileum was found at the 
same level and considered to be a coincidental but 
unrelated finding. 


My thanks are due to Miss Isabella Forshall for allow- 
ing me to publish this case; to Drs. Edward G. Hall and 
Jean Bouton for the pathological report, and to Mr. 
Charles Fitzsimons for the -microphotographs. 
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A CASE OF WOOLLY HAIR NAEVUS 


BY 


P. W. GRANT 
From the Department of Dermatology, Stobhill General Hospital, Glasgow 


(RECEIVED FOR PUBLICATION DECEMBER 12, 1959) 


This rare anomaly of the hair was first described 
by Wise (1927) and since then has received little 
attention in dermatological textbooks and literature. 
Wise reported on ‘a peculiar form of birth mark 
of the hair of the scalp, hitherto undescribed, with 
a report of two cases’. He named the condition 
woolly hair naevus. 

The disorder occurred in two unrelated 5-year-old 
girls, both of whom had light woolly hair on one 
portion of the scalp while the rest of the hair was 
straight and brown. One had a linear naevus of 
the skin of the back of the neck, right elbow and 
wrist, on the same side as. the woolly hair on the 
scalp. In advancing his: reason for the designation 
given to the condition, Wi stated that birthmarks 
of the hair are changes ‘in: the ‘colour, consistency, 
structure and morphology of the hair shaft’. 

Wise and Sulzberger (1932) described a similar 
scalp anomaly in two cases of ‘acquired progressive 
kinking of the scalp hair accompanied by changes 
in its pigmentation’. The patients were adult males 








with kinky black hair growing over the frontal, 


temporal and parietal areas of the scalp which 
progressed rapidly when it developed. The con- 
dition appeared in adult life and the hair became 
darker in contrast to Wise’s earlier cases which 
were children and in which the hair was of a lighter 
colour than that of the remainder of the scalp. 

There was a lapse of 16 years before any further 
reports appeared in the literature. Anderson (1943) 
presented a case to the Los Angeles Dermatological 
Society. The patient was a 5-year-old girl and the 
lesion had been present since birth and had been 
gradually increasing in size. The naevus was on 
the left side of the scalp and consisted of an irregular, 
oval area in which the hair was lighter and closely 
kinked. The scalp in the affected area was of a 
‘eafé au lait colour which extended down in a streak 
on the left side of the neck. In the discussion on the 
case it was stated that the condition was apparently 
a naevus of an unusual type, showing woolly hair 
quite different from the hair on the other parts of 
the scalp. 


Sweitzer (1948) presented a case to the Minnesota 


Dermatological Society which he called woolly 
hair naevus. 


The case was that of a 4-year-old 
girl who had a scanty growth of hair with a fine 
kinky texture. In this case the hair had been shed 


at the age of. $4 months and replaced by a scanty 
down: there had been no further growth since the 
child was 2 years old. There was no evidence of 
any inflammation of the scalp nor was there any 


evidence of naevi elsewhere. In the discussion of 
this case it was stated that in the original cases the 


condition was characterized by localized areas. of 


woolly hair among normal hair, while in this case 
it was a generalized condition. There was a sug- 
gestion of an ectodermal defect in the quality of hair 
and, therefore, it did not seem that this was a 
genuine example of woolly hair naevus. 

Since these reports four other cases have been 
described. Hoffmann (1953) described a case in 
which there was a considerable amount of sebor- 
rhoea of the woolly hair portion of the scalp. 
This case, first seen at the age of 4 years in 1917, 
had areas of bright, thin, spiral crinkled hair. The 
microscopic appearance of the affected hair showed 
it to be thinner than normal, more fiat and less 
pigmented. The medullary part was more or less 
missing. The skin of the affected areas was browner 
than the skin of the remainder of the scalp and its 
surface was somewhat rough. Nine years after 
first being seen the condition was unchanged but 
it appeared that the affected hairs grew more slowly 
than the normal hairs. Hoffmann (1953) called 
the condition crinkly hair naevus (naevus uletrichieus 
capillitii) and stated that differentiation must be 
made between : ¿hair naevus anc negro hair 
and familial cu hich involves the whole 
scalp. 

Knierer (1955) described a case which resembled 
the condition reported by Wise and Sulzberger 
(1932): the patient was an adult and the hair in the 
affected areas was darker than elsewhere. Born 
(1957) and Post (1958) also reported cases which 
resembled those originally described by Wise. 







+ 


512 


A CASE OF WOOLLY HAIR NAEVUS 


In Post’s patient, a 7-year-old boy, the woolly 
areas were accompanied by linear verrucous naevi 
on the face, neck and arm. In none of the reported 
cases has there been a family history of a similar 
abnormality. 

Until now it appears that this condition 
has not been described in British literature and the 
present case is the first to be reported upon in 
Britain so far as is known. 


Case Report 


A boy, aged 6 years, was seen at the out-patient 
department; for about four years his hair had shown 
a patchy ‘uzziness, which was now thought to be 
becoming more obvious. The boy’s mother stated that 
he had been born with no hair on the scalp and it was not 
until he was 2 years old that he began to develop scalp 
hair, which was noticed to have a peculiar patchy and 
fuzzy appearance, the fuzzy areas being of a lighter 
colour than the rest of the scalp hair. The first area 
to be noticed was over the back of the head and, there- 
after, further areas had appeared. 

During the past four years the areas had extended 
slightly, had remained fuzzy, and had been persistently 
lighter im colour than the unaffected areas. At no time 
was it noticed that the abnormal hairs were deficient in 
growth nor did they appear to be any weaker than those 
of the rest of the scalp. 


Family History. The patient’s parents were alive and 
well and had no hair defects or other abnormalities. The 
patient was the younger of two children, the elder brother 
being healthy with no congenital defects. The patient 
was a normal full-time spontaneous delivery. His 
maternal uncle was said to have had some defect of his 
hair but this was thought to have been a generalized 
condition. No examination could be carried out as the 
uncle had been in Canada for five years and had appar- 
ently now lost most of his hair. It was not considered 
that he had had a woolly hair naevus. 


Past History. The patient’s general health was 
excellent. He had measles at the age of 4 years and had 
been known to suffer from myopia for about one year, 
having worn glasses since that time. 


Examination. The general appearance was that of a 
normal healthy boy, with no abnormal findings on general 
examination. Examination of the scalp showed normal 
distribution of hair with no obvious deficiency of growth. 
There was no seborrhoea «. other scalp abnormality. 
The most striking feature was the presence of areas of 
fuzzy, lustreless hair which were noticeably lighter in 
colour than the rest of the scalp hair. The normal hair 
was dark brown and the affected hair was a much lighter 
brown. The involved areas were over the occipito- 
parietal regions on both sides, the temporo-parietal 
regions on the right and left and the frontal aspects of the 
scalp. These areas were separated by the much darker 
areas of straight normal hair (Fig. 1) and the affected 
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Fic. 1.—Woolly hair naevus. 


hairs, despite their appearance, were of the same texture 
as the rest of the scalp and showed no increased fragility. 
The eyebrows were of normal appearance and there was 
no abnormality of the finger and toe nails or the teeth. 
Examination of the eyes revealed a web-like opacity 
over the pupil of the right eye (Fig. 2). 

He was referred to the ophthalmologist whose report 
was as follows: ‘The patient has a very extensive moder- 
ately dense membrane covering the pupillary area of the 
right eye. It arises from the lesser circle and, as can be 
readily seen, it allows free movement of the pupil. 
There are fine openings in the membrane and it is un- 
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Fic. 2.—Persistent pupillary membrane. 
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likely that the vision in the eye is affected by it. 
treatment is recommended. 

Microscopic examination of hairs from the affected 
and normal areas revealed no abnormality of the hairs. 


No 


There was no evidence of monilethrix, trichorrhexis 


nodosa, pili torti, or other hair defects. The affected 
hairs were slightly curly and they were rather less pig- 
mented than the normal straight ones. 


Discussion 

The case described is, in the writer’s opinion, 
an example of the condition described by Wise 
as woolly hair naevus. There is, in common with all 
previously reported cases, no family history of 
similar naevoid changes in the scalp hair. 

The diagnosis should be straightforward once the 
condition has been recognized. The differentiating 
points in distinguishing it from the condition 
described by Wise and Sulzberger (1932) are that 
it is not an acquired anomaly; it occurs in children; 
in all cases the affected areas are lighter in colour 
than the normal hair; it is not a generalized con- 
dition but a patchy one; the affected areas are 
interspersed by normal and darker hairs; it does 
not spread rapidly when it develops; and there is 
no microscopic abnormality of the affected hairs. 
Other hair abnormalities can be ruled out by the 
fact that in most of them there is a deficiency in 
hair growth and an increased fragility of the hairs 
which is not apparent in woolly hair naevus. 
Microscopic examination of the hairs will decide 
the diagnosis as other defects have a characteristic 
appearance. 

Post (1958) suggested that there are three types 
of woolly hair naevus: (1) a type without any 
visible changes of the glabrous skin or scalp, 
(2) a type accompanied by linear naevi of the skin 
and (3) a type acquired in adult life in which the 
hair of the scalp assumes the characteristics of the 
pubic hair. While accepting the first two groups, 
the case under discussion being an example of the 
first, the writer feels that the third group should not 
be classified as a woolly hair. naevus but should be 
classified as acquired progressive kinking of the 
hair as described by Wise and Sulzberger (1932). 
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The persistent pupillary membrane is not so rare 
a condition as it was once thought to be and has 
been reported as being found in 506 out of 1,600 
eyes. It is most common in infants and children, 
and rare in old age as it tends to be absorbed with 
advancing years. Pupillary membrane remnants 
have the essential characteristic that if they retain 
contact with the iris they are always attached to the - 
superficial mesodermal layer on its anterior surface 
usually at the lesser circle or occasionally more 
peripherally. In all cases they are extensile and 
do not impede movements of the pupil, or inter- 
fere with vision unless they are very dense. As 
regards the present case, it is felt that the presence 
of a mesodermal defect associated with ecto- 
dermal one is purely coincidental and of no special 
significance. 


Summary 


The literature on woolly hair naevus is briefly 
reviewed and a case is described which had no 
associated skin or scalp changes. The patient had a 
persistent pupillary membrane. As far as is known, 
no similar case has previously been reported in 
Britain and this is only the seventh example so far 
described in world literature. 


I would like to thank Dr. A. Girdwood Fergusson for 
his helpful criticism and for permission to publish this 
case, Dr. A. M. Brogan for the ophthalmic report, 
and Mr. P. S. Waldie for the photographs. 
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_ Altheugh carotid occlusive disease is not un- 
commou in adults (Fisher, 1954; Samuel, 1956), it 
is rare wm children. Since atherosclerosis is accepted 
by mest authors as the major aetiological agent, this 
is not surprising. A search of the literature reveals 
16 cases of carotid occlusion in persons 10 years of 
age or less (Duffy, Portnoy, Mauro and Wehrle, 
1957; Cabieses and Saldias, 1956; Behrman, 1954; 
Shapiro, 1952; King and Langworthy, 1941; 
Litchfield, 1938; Gross, 1945; Martin, Lukeman, 
Ranscr and Geppert, 1954; Goldstein and Burgess, 
1958; Fouyanne, Arné, Loiseau and Mouton, 
1957; Clark and Linell, 1954; Braudo, 1956; 
Fairbarn, 1957) and a further six below the age of 
20 (Powvanne ef al, 1957; Krayenbiih] and Weber, 
1944. Petit-Dutaillis, Janet, Thiébaut and Guil- 
laumat, 1249; Riechert, 1938; Caldwell, 1936). 

Arteriographic, necropsy or operative proof was 
provided in 17 of these cases; two were diagnosed 
on the absence of carotid pulsation on the side 
opposite the hemiplegia and three, associated with 
trauma, were. accepted on convincing circum- 
stantial grounds. 

An aetiology was indicated in 13 cases. Litch- 
field (1938) and Pouyanne eż al. (1957) have each 
reported. a case associated with severe throat 
infection Gross (1945), in a review of arterial 
occlusion in infancy, reported two cases in whom 

emboli from a _ thrombosed persistent ductus 
-arteriosus were considered to have caused the 
“occlusion. One of these cases also had Fallot’s 
tetralogy with polycythaemia. A paradoxical em- 
bolus of necrotic placental tissue was presumed by 
Clark anc Linell (1954) to have caused internal 
carotid ecclusion in an infant with erythroblastosis 
- foetalis. in the case reported by Duffy et al. (1957) 
thrombosis was probably due to a congenital 
anomaly of the vessel wall. Martin ef al. (1954) 
have described a case of mucormycosis of the central 
nervous system in which the thrombosed internal 
carotid artery was heavily invaded by the organism. 
Riechert’s case (1938) appears to have been related 
to the presence of a nearby intracranial tumour. 





Trauma accounted for five cases (Braudo, 1956; 
Fairburn, 1957; Caldwell, 1936), direct injury to the 
soft palate being responsible in each instance. 

In all of the proven cases the occlusion was limited 
to one or other internal carotid artery; one of the 
others (King and Langworthy, 1941) was thought 
to have common carotid and right subclavian 
obstruction on clinical grounds. Bilateral carotid 
involvement is occasionally encountered (Ochs, 
Sensenbach and Madison, 1954; Batley, 1955; 
Silverstein, 1959; Brain, 1957), but has never 
previously been reported in a child. Common 
carotid thrombosis constitutes a small fraction of 
several series of carotid occlusive cases (Silverstein, 
1959; Shapiro and Peyton, 1954; Ameli and Ashby, 
1949; Gurdjian and Webster, 1953) but no proven 
case in childhood has yet been reported. The 
following case of a child with bilateral common 
carotid thrombosis may thus be worth reporting. 


Case Report . 


A girl of 2} years, was admitted to the Royal Liverpool 
Children’s Hospital for investigation, having recently 
recovered from an illness diagnosed as left ventricular 
failure associated with respiratory infection. She was 
known to have a precordial systolic murmur since the 
age of 2 months when she presented with a chest infection. 

On admission there was no evidence of congestive 
failure and she was not dyspnoeic. Sinus rhythm was 
present. The left radial and femoral pulses were 
diminished and delayed compared with the right radial, 
and blood pressures were as follows: right brachial 
180/130 mm. Hg, left brachial 135/85 mm. Hg, right 
femoral 110/90 mm. Hg. Both carotid pulses were ` 
palpable and of high tension. Scapular collateral 
arteries could be felt only on the right. The toes were 
moderately cyanosed but the fingers only slightly. The 
heart apex beat gave the powerful localized thrust 
indicative of left ventricular hypertrophy and on auscul- 
tation a short systolic bruit of slight to moderate intensity 
and a short mid-diastolic bruit of moderate intensity 
were present at the apex. The second heart sound was 
somewhat accentuated and single. The clinical state 
was otherwise within normal limits. 

The chest radiograph showed a cardio-thoracic ratio 
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Fic. 1.—Angiocardiogram taken in right posterior oblique position, 
showing direct passage of dye from left pulmonary artery to descending 
aorta via ductus arteriosus. 
RV = right ventricle; LPA = left pulmonary artery; PDA = 
ductus arteriosus; DA = descending aorta, 


patent 


of 0:69 and the pulmonary vascular markings were 
heavy. The electrocardiogram was interpreted as 
showing biventricular hypertrophy. Her haemoglobin 
was 95%, white cell count 13,000/c.mm., differential 
count normal, urine normal and blood urea 25 mg./100 
ml. 

Two weeks after admission the patient suddenly 
developed left hemiparesis; this improved considerably 
within a few days. She had always been irritable and 
after this episode her temperament worsened. It was 
not until two weeks later that the carotid pulses were 
checked when neither could be felt at all. 

Angiocardiography was carried out and this showed 
direct filling of the descending aorta from the pulmonary 
artery via a patent ductus arteriosus (Fig. 1). The 
small proportion of dye which passed through the lungs 
outlined only the ascending aorta and innominate 
artery (Fig. 2). 

Three days later the right hand and forearm suddenly 
became cold and blue. The right brachial pulse was 
unaltered but the radial and ulnar pulses had disappeared. 
Heparin and ‘Priscol’ were administered and after several 
days the colour and temperature of the limb improved. 
The pulses remained unchanged. A week after the 


Fic. 2.—Angiocardiogram at a later stage than that shown in Fig. 1. 
That portion of the dye which has passed through the pulmonary 
circulation outlines only the left ventricle, the ascending aorta and 
the innominate artery. Neither carotid vessel has filled. Reference 
to Fig. 3 assists orientation. 
LV = left ventricle; AA = ascending aorta; IA = innominate artery; 
BIA = region of bifurcation of innominate artery; OLCCA = region 
of origin of left common carotid artery. 


onset of this episode the patient suddenly became un- 
conscious and died a few hours later. 

At autopsy (see Fig. 3) the heart was found to be 
greatly enlarged. The right ventricle was well developed 
and its wall up to 5 mm. thick. The left ventricle was 
markedly hypertrophied, its wall being up to 15 mm. 
thick and its endocardium white and slightly thickened. 
The pulmonary artery was normal in appearance but 
larger in size than the ascending aorta. The ductus was 
patent and 5 mm. in diameter. There was marked 
constriction of the aortic arch between the origins of the 
left common carotid and left subclavian arteries, admit- 
ting only a very fine probe. The left atrium was essen- 
tially normal apart from some whitening of the endo- 
cardium and slight thickening of the mitral valve cusps. 
The right atrium and the other three valves were normal 
and there was no abnormality in the anatomy of the 
pulmonary or systemic venous connections. Atrial and 
ventricular septa were intact. Adventitial haemorrhages 
were visible in the following sites: (a) over the root of 
the left common carotid artery where it was joined by the 
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Fic. 3.—Great vessels. 


The right common carotid artery has been 

opened at its bifurcation to show the presence of thrombus. A 

haemorrhage can be seen in the wall of the left common carotid 

vessel at its junction with the coarctation; another at the bifurcation 
of the innominate artery is less well seen. 

AA = aseending aorta; IA = innominate artery; RCCA = right 


common earetid artery; LCCA = left common carotid artery; 
LSA = lett subclavian artery; C = coarcted aortic arch: PA = pul- 
monary artery; H = haemorrhage. 


stenosed part of the aortic arch, (b) at the bifurcation 
of the inmeminate artery, and (c) at the origin of the 
first branch of the right subclavian artery. The last 
was larger than the others and had spread into the ad- 
jacent conmective tissue. Antemortem thrombus was 
present (#) in the left common carotid artery, extend- 
ing from a point 2 cm. distal to its origin to its 
bifurcation some 3 cm. distally, (ii) in the right common 
carotid artery, extending from a point 1 cm. distal to its 
origin to its bifurcation 2-5 cm. distally and (iii) in the 
right subclavian artery, commencing at the origin of the 
vertebral artery and extending 4 cm. distally. No origin 
for emboli was found in the heart or aorta. The lungs 
showed generalized congestion. In the brain, a small 
area of softening was present in the right cerebral 
hemisphere superior to the insula. Thrombus was 
present in both internal carotids at their junction with the 
circle of Willis, the right being swollen suggesting 
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antemortem thrombosis. Histology of the left common 
carotid artery and intracranial portions of both internal 
carotid arteries showed antemortem thrombus. The 
vessel walls showed no obvious disease. 


Discussion 


The case described was one of pulmonary hyper- 
tension with shunt reversal through the patent 
ductus arteriosus, associated with severe aortic 
coarctation, and complicated by multiple thromboses 
in the high tension side of the systemic arterial 
circulation. 

The child appears to have lived for some weeks 
with occlusion of both common carotid vessels. 
Her ability to do so with no more than slight 
hemiparesis and a certain amount of irritability 
of temperament, was a tribute to her vertebral 
blood supply; her sudden death can presumably 
be ascribed to thrombosis of the right subclavian 
artery with involvement of its vertebral branch. The 
disturbance affecting the right forearm a few days 
before death, must have been caused by occlusion 
of the radial and ulnar arteries, or perhaps the 
brachial bifurcation. This could have been due 
to local thrombosis, or embolism from non-occluding 
right subclavian thrombus. 

The cause of the vascular thrombosis is not 
readily apparent. No source of emboli was found 
at necropsy. Paradoxical emboli from a silent 
venous thrombosis would have had to move 
upstream and negotiate the coarctation in order to 
pass from the ductus to the carotid and right sub- 
clavian arteries: this seems unlikely. 

Cross sections of thrombosed artery showed no 
abnormality of the vessel wall on microscopy. 
Certainty on this point, however, probably demands 
longitudinal sections as well, as shown by Moberg 
and Reinand (1956). They described the case of 
an infant with aortic coarctation proximal to a 
patent ductus arteriosus, in which thrombosis of the 
descending aorta occurred. Differential cyanosis 
was present as in our case, but could have been 
either peripheral in type, due to the thrombotic 
occlusion, or central, due to pulmonary hyper- 
tension and shunt reversal. Longitudinal sections 
of the aorta showed multiple transverse ruptures of 
microscopic size along its whole length, above and 
below the coarctation. Thrombosis probably arose 
at the site of minute intimal ulceration. Also, 
numerous haemorrhages, situated mainly in the 
media, were present throughout the aorta. The 
histology was considered to resemble that usually 
found in aortic dissecting aneurysms. The common 
association of the latter with coarctation of the 
aorta is well known, although rupture distal to the 
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stenosis is uncommon, tending usually to involve the 
| ascending aorta. _ 

The presence of adventitial haemorrhages at the 
proximal ends of the thrombosed vessels: suggests 
that the pathogenesis might have been the same as in 
Moberg- and Reinand’s case in which there were 
haemorrhages in the aortic wall. Longitudinal 
sections, which might have. shown transverse rup- 
tures, were not made in our case. 

No other cases of thrombosis. of- major systemic 
arteries complicating either coarctation of the 
aorta or pulmonary hypertension with reversed 
central shunt, have hitherto been reported. 


Summary 

The literature of carotid occlusive disease in 
childhood is briefly reviewed. 

A case of multiple arterial occlusion, including 
bilateral common carotid thrombosis, in a child 
with congenital cardiovascular disease is described. 

The aetiology of the thrombosis is speculatively 
discussed. 


This case was under the care of Professor J. D. Hay 
and I would like to thank him for allowing me to report 
it. I wish also to thank Dr. J: S. Elwood for the autopsy 
sega They both very kindly provided the photo- 
grap 
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~ Pediatric Dermatology. By Henry H. PERLMAN. (Pp. 
< xii -+ 47% 203 figs. $18.00; 135s.) Chicago: The Year 

Book Publishers Inc. British distributors: Interscience 

Publishers Ltd. 

Dr. Perirnan, who is Clinical Professor of Pediatrics 
at Jeffersaw Medical College and Associate Professor at 
the University of Pennsylvania, is to be commended for 
his courage and industry in writing a textbook on der- 
matology.. While he writes primarily for paediatricians, 
_ general practitioners and students, many dermatologists 
would find the book a useful addition to their book- 
shelves. for good books upon paediatric dermatology 
are rare. The latter would find added interest in a work 
based super the principles of paediatric medicine, with 
a secondary approach to dermatology. The author’s 
wide experience in two specialties and in pharmacology 
gives kim an unusual breadth of approach which ts 
reflected mx: the excellent chapters on physical examina- 
tion and. history-taking that few of us can hope to emu- 
late. Hs wisdom in advocating the simpler and well 
tried remedies is a fresh current of common sense 
througheut the chapters on treatment and topical 
remedies, 

There follows some thought provoking observations 
on the skmurhygiene of the newly-born and only aesthetic 
objections can be raised against the idea of leaving more 
to nature and not approaching godliness via soap and 
water unless the infant has a normal skin. 

Inevitably an experienced dermatologist can find a 
few weak spots as critical reviewers find in our own 
writings. We found some confusion in the account of 
subcutanecus induration of the new born. Whilst a low 
olein content of the subcutaneous fat may lead to the 
formation of fatty crystals of a higher melting point and 
a gramuortatous reaction to their presence, which we 
regard as the specific basis of sclerema neonatorum, 
subcutanequs fat necrosis in infants or adults is not 
related tc the olein content and has a banal histology. 

Dr. A. M. H. Gray deserved a reference here. 

- No mention is made of agammaglobulinaemia which 
has beer: recorded in cases of dermatitis gangraenosa and 
probabl accounts for the infant’s grave susceptibility to 
infection. Injections of gamma globulin may be life 
Saving im same cases. 

_ Althouges the old and [little used arsenical medication 
is included in the treatment of dermatitis herpetiformis, 
the more effective drug diamino-diphenylsulphone is 
omitted feom the schedule of treatment. A better 
name for granuloma pycgenicum is granuloma telangi- 
- ectaticum:, for whereas the abundance of vascular tissue 
is obvicus: the pyogenic factor can rarely be demon- 
strated. 

It is stated that aphthous stomatitis is caused by the 
herpes viras. Harvey Biank and others have faled to 
confirm this aetiology. 
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Surely too much stress is put upon the treatment of 
strawberry marks and cavernous haemangiomata, most 
of which may more safely be left for the usual spon- 
taneous resolution. 

Lest we damn, by faint praise, in finding minor points 
of disagreement, which may be controversial in any case, 
let us add that this is a good book; the standard of 
printing, illustrations and binding is of the highest. 
It is almost pure American with perhaps too few refer- — 
ences to the outside world literature. However, the 
standard of dermatological knowledge and progress is 
probably the highest in the U.S.A., and it merely remains 
to one who has suffered the pangs of book-birth to 
congratulate the author. 


Notes on Infant Feeding. By STANLEY GRAHAM and 
ROBERT A. SHANKS. (Pp. 76. 4s. 6d.) Edinburgh: 
E. and S. Livingstone Ltd. 1960. — 

A hearty welcome can be given to another edition of 
this little book at the very reasonable price of 4s. 6d. It 
contains much useful advice and information which is 
concisely given and it can be recommended equally to 
the student and young doctor. Some of it seems a little 
old-fashioned and the Sassenach baby, for instance, 
nowadays seems to double his weight well before the six 
months the authors allow. 


Pathology of Infancy and Childhood. By AGNES R. 
MACGREGOR, (Pp. 631; 388 figs. 75s.) Edinburgh 
and London: E. & S. Livingstone Ltd. 1960. 

Agnes Macgregor of international renown is one of 
the foremost pioneers of paediatric pathology. Her 
colleagues in the United Kingdom especially owe much 
to her influence and this book places them further in 
her debt. As she says in the preface it is not intended 
primarily for those familiar with the subject but for 


those pathologists who deal only occasionally with 


paediatric problems. As such it fills a long-felt gap 
in the literature. 

About one third is taken up with the perinatal period 
and congenital malformations. The remainder is 
devoted to the infective, degenerative, metabolic and 
neoplastic diseases which occur in later infancy and 
childhood. There are also short but extremely valuable 
chapters on blood diseases, accidental injuries and 
poisons. 

Most of these subjects are dealt with inadequately in 
general pathological texts, but here they are given their 
proper emphasis. For this reason paediatricians and 
paediatric surgeons will find this an extremely useful 
book. The pathological aspects of almost all their 
clinical problems are described in one volume of con- 
venient size. 

Of particular interest to the occasional paediatric 
pathologist are the observations on sudden unexpected 


> aropted by unnecessary detail. 





| tables of normal measurements found at the end of the 
_ book. 
-The text is. well set out in clear print and is not inter- 
: Important references are 
_ given at the end of each chapter and there is a complete 
index. at the end-of the book. The illustrations are well 
chosen and clear and those of the cardiac malformations 
and the whole lung slices are of particular merit. 
This book should be included in the libraries of all 
paediatric and pathological departments. 


Le Syndrome D’Ellis-Van Creveld. Une forme de 
dysplasie chondro-ectodermique. By L. DAYER. 
(Pp. iv + 59; 18 figs, 4 tables. sFr. 12. 50.) Basel 
and New York: S. Karger. 1960. 

The author has reviewed 33 published cases of the 
syndrome (ectodermal dysplasia, polydactyly, chondro- 
dysplasia and congenital morbus cordis) and has added 
four personal observations showing either the complete 
_ syndrome or variants, e.g. punctate epiphyseal dysplasia. 
Of a total of 36 cases regarded as examples of the 
syndrome, 11 showed parental consanguinity and 10 
belonged to five sibships, including one pair of dizygotic 
twins. Recessive inheritance which was postulated 
when the three original cases were reported in the 
Archives of Disease in Childhood in 1940 appears to be 
confirmed. Of the 36 cases reviewed, 18 were boys and 
18 girls. The condition has now been described in 
children of Jewish, English, Dutch, French, Italian, 
Swiss, Turkish, Algerian, Tunisian, Anglo-Irish, coloured 
American and mixed parentage.. Of the various features 
of the syndrome, congenital morbus cordis seems 
to be the least constant, being present in only 20 cases, 
and ectodermal defects the most constant. The author 
points out that the syndrome is one of a number in which 
chondral and ectodermal dysplasias coexist, and that 
transitional types occur. 


Child Development: An International Method Study. 
Ed. A. HOTTINGER and H. Bercer. Modern Problems 
in Pediatrics, V. Supplement to Annales Paediatrici. 
(Pp. ix + 237; 20 figs. sFr. 50.-.) Basel/New York: 
S. Kargar A.G. 1960. 

The reviewer is in the embarrassing position of being 
asked to write a testimonial for a favourite son and seven 
grandchildren. Nevertheless, he feels gratified at being 
able to commend this quite remarkable achievement of 
an international study which, fostered by the Inter- 
national Children’s Centre in Paris, derived from the 
Child Study Centre in London, a product of collaboration 
between the University’s Institutes of Education and 
Child Health. Nine chapters set out the history of the 
coordinated studies, the general considerations and lines 
of work, followed by three important sections on the 
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: d deaths, the advice on perinatal autopsy technique and the 


social, psychological and physical (somatic) investiga- 
tions. A chapter on the special aspects of the problem 
in under-developed countries, and another on the effects 
of malnutrition on growth, takes the study out of Europe ` 
into West and East Africa. Dr. Paulkner’s own, slightly — 
different, present work in Louisville, Kentucky, marks 
the spread of the collaboration to the New World. An 
appendix of 100 pages gives some idea of the complexity 
of the data collected by reproducing the various forms 
in use. A study of these shows how necessary is the 
final chapter in the body of the volume on the practical 
problem of recording and analysing the completed 
schedules. Indeed the difficulties of getting corre- 
sponding growth studies started in eight centres seem 
small compared with the rapidly growing problem of 
what to do with the material collected. This is a valuable 
contribution to paediatric literature and an essential 
guide book for those embarking on growth and develop- 
ment studies. The whole text is in Engish, well pre- 
sented and the volume beautifully produced. Professor 
Robert Detré contributes a characteristically charming 
foreword, 


Kinderheilkunde: Diagnostik-Therapie, Prophylaxe. By 


ERWIN GRUNDLER and GERHARD SEIGE. (Pp. 846, 
848 figures. DM. 29.-.) Stuttgart: Hippokrates- 
Verlag. 1960. 


This is a beautifully bound and printed synopsis of 
children’s diseases, written in a telegraphic style. The 
synopsis includes a little on normal development, gives 
physiological values, describes infant feeding and the 
various immunizing procedures before the systematic 
description of the illnesses in childhood. It ends with 
a chapter of over 100 pages which gives an alphabetical 
list of all drugs used at present (and in the past), together 
with all the available proprietary preparations, giving 
doses, methods of administration, indicatiens, mode of 
action and side-effects. For a synopsis the book is too 
voluminous. It would gain a great deal by drastic 
pruning of out-dated material. For example, it treats 
syphilis with arsenic and bismuth, advises deep x-ray 
therapy for hyperplasia of the thymus in infants and 
devotes a chapter to thymus lymphaticus. On the 
aetiology of infantile diarrhoea the concepts of exudative 
and neuropathic diathesis are still maintained and its 
dietary management is equally antiquated. Bed- 
wetting should not be treated by corporal punishment, 
but the example of good children should be constantly 
kept in front of the offender; favourite foods and other 
pleasures should be denied until the offenders mend their 
ways. One could give a long list of such quaint ideas. 
In summary this book includes all that is new without 
having discarded much from the past which is no longer 
tenable. 





BY 


GENETIC MECHANISM OF GALACTOSAEMIA* \ ¿` 





KENNETH HUGH-JONES,| ALVAH L. NEWCOMB and DAVID YI-YUNG HSIA 


#rom the Genetic Clinic of The Children’s Memorial Hospital, and the Department of Paediatrics, 
Northwestern University Medical School 


(RECEIVED FOR PUBLICATION OCTOBER 8, 1959) 


Galactosaemia is a heredity disease of carbo- 
hydrate metabolism characterized by a failure to 
‘thrive, vemiting and jaundice in early infancy. 
- Babies wit this condition usually present with these 
symptoms and they are found to have enlarged 
firm livers, which soon become cirrhotic; this has 
been born: out by autopsy reports. They may be 
oedematous and have a tendency to bleed easily. 
Cataracts and mental retardation are common 
complications. The diagnosis can be confirmed 
by a markedly elevated galactose tolerance test and 
the finding of galactose in the urine. Schwarz, 
Golberg, Komrower and Holzel (1956) showed that 
galactose-E-phosphate accumulated in the erythro- 
cytes of galactosaemic children if they were given 
galactose or milk. This indicated that galacto- 
kinase, whech is the enzyme that converts galactose 
to galactose-l-phosphate, must be present in such 
individuals. In the same year, Isselbacher, Ander- 
son, Kuranashi and Kalckar (1956) demonstrated 
a deficiency of galactose-l-phosphate uridy! trans- 
ferase in: the red blood cells of these children. This 
indicated that the site of the metabolic block in 
_-galactosaemia was at the step of: 

~~ Galactose-1-PO, + UDP glucose 

a LDP galactose + glucose-1-PO,. 

Tt is mow generally ated that galactosaemia is 
-transmitzec by a Mendelian autosomal recessive 
gene. This is because of its frequent occurrence 
amongst si slings, its equal distribution in both sexes 
and the creased incidence of consanguineous 
matings amongst the parents of these children. 
-Holzel anc Komrower (1955) attempted to study 
the genetics of this condition by subjecting the 
parents of galactosaemic children to a galactose 
tolerance test. In only one family were they able 
to show that both parents were abnormal. In each 
of the four other families tested only one of the 
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parents gave an abnormal result: Durand and 
Semach (1955) found an abnormal galactose toler- 
ance test in one parent; Bray, Isaac and Watkins 
(1952); Bain, Bowden, Chute, Jackson, Sass- 
Kortsak and Walker (1957); Schreier, Acker and 
Henckel (1957); and Bennett (1958) failed to demon- 
strate any abnormalities in the parents they tested. 
Hsia, Huang and Driscoll (1958) have since shown 
that a group of heterozygotes can be detected by _ 
estimating the blood level of galactose-1-phosphate 
uridyl transferase. This is discussed in more 
detail later. 

The purpose of this paper is to present a complete 
family with galactosaemia and to give evidence 
that the disease is transmitted by a Mendelian 
autosomal recessive gene; it also sets out to show 
how enzyme studies in this family confirm the 
recessive mode of inheritance, that heterozygotes 
aS a group can be detected and finally it demon- 
strates that galactosaemia can be present in a 
relatively unaffected adult. 


Clinical Description of Family J 


This family came to our notice from a genetic point 
of view as a family suffering from renal glycosuria. 
On investigation it was found that the reducing substance 
in the urine was galactose and as a result, all available 
members of the family have been studied. The pedigree 
is given in Fig. 1 and clinical details below: 


I, R.W., born 1894, had been thought to have diabetes 
mellitus for 16 years but has never needed insulin. 
The reducing substance in his urine has recently 
been shown to be galactose. Now he is in reason- 
ably good health attending to his office business 
daily, and he is of above average intelligence. His 
eyesight is impaired because of cataracts and also 
he has an enlarged firm liver. 

B.W., born 1900, is healthy and has no reducing 
substance in her urine. 

R.W., born 1925, was known to have had a reducing 
substance in his urine since the age of 11 and to have 
a normal glucose tolerance test. He was healthy 
but not robust, and when put on an ulcer regime 
containing one or two pints of milk a day he found 
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that he felt quite ill and so stopped it himself. He 
has five children, all of whom are well. 


A.J., born 1926, had been thought to have renal 


glycosuria for the past 10 years and when the diag- 
nosis had been established in her children, it was 
found that the reducing substance in her urine was 
also galactose. She prefers to avoid milk, and has 
had much less intermittent diarrhoea, fewer head- 
aches and has felt generally in better health since 
being on a milk-free diet.. 

K.M., born 1928, has remained in reasonable 
health but had a reducing substance in her urine 
when she was pregnant. She has had one mis- 
carriage and two healthy children. 

W.W., born 1931, was discharged from the services 
because a reducing substance was persistently found 
in his urine. Otherwise he was healthy. 

H.F., born 1935, has never been robust; she looks 
unwell with a rather pale translucent skin. She has 
had five pregnancies; two ended in miscatriages, 
two were premature births, the babies dying, and 
one a healthy child. She felt ili when pregnant, 
and was known to have a reducing substance in the 
urine at those times. oe 

S.C., born 1937, was in good health and has no 
reducing substance in her urine. 

J.J., born in 1920, admitted to no ill health and came 
from a large healthy family. 

T.J., born in 1948 at term by caesarean section 
because of a transverse lie, weighed 6 lb. 14% oz. 
Although not particularly jaundiced at birth, he 
was an extremely difficult baby to feed because of 
vomiting. None of the usual artificial feeds suited 
him. In spite of his not regaining his birth weight 
until he was 1 month old, he was always an active 
baby. He smiled at 5 weeks, had some control of 


his head at 8 weeks, sat in a high chair at 5 months, 
pulled himself up to stand at 6 months, walked with 


support at 11 months and by himself at 1 year. 
He could say single words at 15 months and talked 
at 22 months. Hence, there has beem no evidence 
of any mental retardation and his subsequent 
progress at school has always been mere than satis- 
factory. At about the age of 9 months, his mother 
took him off regular milk because she felt it did 
not suit him, and his condition subsequently im- 
proved. Since the age of about 1 year, he has 
complained of headaches and his mother correlated 
these with the taking of milk. He has had many 
unpleasant ill-defined episodes, which culminated 
in an alarming attack, in which he shook violently, 
had blurred vision, profuse sweating and almost 
lost consciousness. This attack had occurred 
after gulping a large bowl of milk and cereal at 
breakfast and was relieved by taking a sugar drink. 
At this time he was known to have a reducing sub- 
stance in his urine with a normal glucose tolerance 
curve. It was the investigation of this presumed 
hypoglycaemic attack that lead to the establishment 
of the diagnosis of galactosaemia. Examination now 
revealed him to be a tall, thin boy, cf 9 years old, 
weight 65 1b., height 55 in. He has red hair and a 
rather translucent skin, bilateral cataracts and pale 
retinae; the liver and spleen were not palpable, and 
there were no other abnormal physica! findings. The 
reducing substance in his urine was shown to be 
galactose by its failure to ferment with yeast; this 
was confirmed by the osazone test. Other laboratory 
data are given in Table 1. Since being on a milk- 
free diet, he has grown | in. and gained 34 Ib. in six 
months. Hehas been free of headaches, has felt much 
better and, instead of being a rather docile apprehen- 
sive boy, he has more energy and is full of spirit; in 
addition, his scholastic attainments have improved. 
Any relaxation of his diet, however, brought back 
the headaches and symptoms remmiscent of the 
hypoglycaemic attack. 





® Affected — homozygcte 
OQ Heterozygote 

@. Possible heterozygote 
B Normal — exomined 
O Healthy — net examined 
C)se. Stiltborr 


Fic, 1.—-Pedigree on Family J. 
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TABLE Í 
LABORATORY AND BRIEF CLINICAL DATA ON FAMILY J] 


Gal-1-P Uridyvl Transferase Level | 
{units/g. Hb) | 


Metier menan imana aan} ArarerenranamnanA attra? namammammmaiaa dhiiinn nma a 


Values for Normals 2-8-7-0 (16)* 











No value should be more 
eeel than 30; reading should | 
return to fasting level in | 


H i f 
Galactose Level | Cataracts! LQ 
(mg./100 mi. blood) 














| 
| | 
we : hrs 
Values for Heterozygotes | 29 -EE | {1-5-5 (23)* Usually normal | = 
Values for Affected .| 0-6 | 40-47, 0 ~1:1(16)* | Values more than 50 mg. | 
PEDIGREE | | | : : : | 
Ref. No. | Initials | Random | Fasting | thr — 2hrs | Fasting ihr | 2hrs 
SEA Laas ie par ‘ae oan ae ji D GPF A 
Loi RW. | o9 | 3 Oo 2 41S | ao a N | Homozygote 
AA 2 BW | 34 | | | | | N | Unaffected 
H 2 O AJ : i 1-7 1-8 1-7 8 28 | 6 | N Heterozygote 
ar) oe | 18 | 10 | 09 7 31 10 | N | Heterozygote 
mst | > TH | O68 ; 06 | O04 7 | 86 | s4 | + N Homozygote 
m2 MJ | | L8 | 20 | 20 U | 49 | 4 N Possible heterozygote 
WO 3 3 SJ, | | FO | 08 | 0-5 10 45 | 10 } + N Homozygote 
WE 4 | BJ. | Pate p 24 5 — 10; 838 | — N Possible heterozygote 
Hot P RW. j Hi ' | | Heterozygote 
H 3 | KM | 34 | ; | , Heterozygote 
H 4 O WW | 2-1 | | | | | Heterozygote 
2 I S$ | HE. 2-5 | | | | | Heterozygote 
fl 6 ; S.C, | 4°] | | | | Heterozygote 
| ; 


* Number of cases of which mean is recorded. 


Hi, M.J. was born in 1950. Although her mother had 
some hypoglycaemic episodes during this pregnancy, 
she was born at term by caesarean section weighing 
7 Ib. 9 oz. She was breast fed for four months, 
thrived well from the beginning and has always 
been kealthy, although she had an intussusception 
at the age of 4 months. She passed her milestones 
normaily and is now a healthy intelligent girl. 


HI; S.J., born 1953, at term by caesarean section, 
weighing 6 Ib. 14 oz. Vomited constantly from 
birth and had intermittent diarrhoea. When 
mother’s milk failed she was extremely difficult 
to feee on cow’s milk. When first admitted to the 
hospital at 3 months with a tentative diagnosis of 

_ congenital hypertrophic pyloric stenosis she weighed 
only & lb. Every type of milk feed was tried, but 
all were vomited. At 7 months of age she had a 
convulsion, which was thought to be related to an 
attack. of pyelitis; at this time she only weighed 
10 Ib. She passed her milestones normally, sat 
at 6 months, walked between 10 and 11 months 
and was talking at the age of 2 years. She had 
frequent headaches, a poor appetite and ‘chills’ 
after drinking milk. 

On examination she was found to be 394 in. tall 
and weighed 28 Ib. She, too, has red hair and a 
< pale translucent skin unlike her two unaffected 
¿ siblings. She had a palpable liver and bilateral 

Cataracts but was otherwise normal. When the 

-= diagnesis was established in her brother T.J., her 

<. : mother realized that she too was suffering from the 

“same disease and enzyme studies confirmed this. 
Since then she has been on a milk-free diet, has 
grown. 1} in. and gained 5 Ib. in six months. She 
has been free of headaches, felt better and done 
_better in school though perhaps not quite so drama- 
tically as her brother. Neither T.J. nor S.J. can 





tolerate more than | oz. of milk on alternate days 
without the recurrence of symptoms. 

I, B.J. was born in 1955, three weeks prematurely, by 
caesarean section because of a transverse lie. She 
weighed 7 Ib. 11 oz. at birth and has thrived ever 
since. There were no feeding difficulties but a 
congenitally dislocated hip was diagnosed when she 
was 4 months old. It has been satisfactorily treated 
with splints and she stood at 7 months, walked at 
13 months and is now a bright alert little girl. 


Laboratory Data 


Methods and Results. Galactose tolerance tests were 
done in the usual manner after an overnight fast. D- 
galactose was given orally in doses of 40 g. for adults, 
1-25 g./kg. body weight for children and 1-75 g./kg. 
body weight for infants. A fasting blood sample, and 
others, one and two hours after taking the galactose, 
were collected in heparinized tubes and packed in ice 
until they were brought to the laboratory, the same 
samples being used both for the galactose determinations 
and the enzyme assays. 

Blood galactose was determined by removing the 
glucose with glucose oxidase and estimating the remaining 
reducing substances by the Nelson Somogyi method. 

Galactose-i-phosphate uridyl transferase was estimated 
by the method originally described by Anderson, 
Kalckar, Kurahashi and Isselbacher (1957). The method 
depends upon incubating a haemolysate of the red cells 
which contain the enzyme with known amounts of 
galactose-l-phosphate and uridine diphosphoglucose 
(UDPG). The reaction then proceeds from left to 
right as shown by the equation above. A unit of enzyme 
is that amount which will convert one micromole of 
UDPG to UDPGalactose in an hour. After the | 
incubation period the remaining UDPG is estimated by 
means of uridine diphosphoglucose dehydrogenase in 
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a TABLE 2 
DETAILS ON PUBLISHED CASES OF GALACTOSAEMIA 





Author Case No. Derails of families Author Case No. Details af Families 
a : , 


Von Reuss (1908) e Pasz (1953) 1 998 
Goppert (i917) SIFE > o a . 
Fanconi (1933) ~ + O0090000006% Fox, Fyfe and Mollison (1954) oe 
Boer (1932) i E ee order not stated ase oer anid Rice (4952) hoon “9 
Mason and Turner (1935) E : <2 odeog@o Lockhart and Roboz (1954) As LoPresti et of. (1952). 
Norman and Fashena (1943) í o¢ Bickel and Thursby-Pelham {1954}  & 9 

Mellinkoff, Roth and MacLággan 3 g Hudson et ol, (1954) i oos 2 

Pe ee Rapoport (1945} € a gece se 

è Arthurton and Meade (1954) © ( O, a 

Goidstein and Ennis (1948) OO@ order not stated) Coxand Pugh (1954) r © SF ae © 





O 
@, 


Geldbloom and Brickman (1946} 


Greenman and Rathbun (1948) a W € 4 Y 7e 
Bell, Blah, Lindsay and Watson oe copa 3. COs 
(1950) oie Pa 


Donnell and Lann (1951) 4 ® Hartmann, Tet oy swarm ang 


Nakasato (1954) 
Lodding (1954} +4. 
Jeune, Charrat and Loaec (1954) | 
Holzel and Komrower (1955) i 


DuShane and Hartmann (1951) a O000¢ 
Townsend, Mason and Strong (195!) | oe 


>» w MM 
Q 
Q 
e 


ey ae Bk aS 


Ellenburg and Peterson (1951) | oode 


Gorter {1951} i ooge Clay and Potter (1955) 


Mortensen and Sondergaard (1955) a, ae A ; fe 
Ritter and Cannon (1955) | 
Durand and Semach (1955) oe 
Rathbun (1955) Lake, @ 
Flury and Berger (1955) | a < Q Q 6 
Haas and Newman (1955) am ¢ 
| Salt, Ross and Gerrard (1955) | od 
Bray, isaac and Watkins (1952) i @ = Smith (1955) Iddo 
4 s Kaickar, Anderson and Isselbacher 1 Q ees 
3 Se " (1956) ‘ € 
Brodie, J. L. (1952 3 €- e 
rodie, J. L. (1952) AAA E E 3 de 
(1958) As Brodie (1952) l . a an l ENE 
Komrower, Schwarz, Holzel and} OTOLO rE E 
Pitt (1952) € Golberg (1956) ” i 
Reiter and Lasky (1952) od s bg 


Joh $ | | , 
Ohora coe Turnbull (1956) à ace 


Hsia (unpublished data) (1952 | on) | ny ne 
(unpublished data) (1952) d Clément, Combes-Hamelle and oc eoPOOO 
2 9e E Saada ( 1956} order not stated 
3 9 | Rodier (1957) kd 
Maris and Valcke (1953) Se T Gillot, Schaeffer and Dalaut (1957) e 


Birdsong and Wood (1953) 3 cos o Bain, Bowden, Chute, Jackson, 1 ¢ 
Sass-Kortsak and Walker (1957) | 
we oe 


McCue (1951; 7 9 
De Haas (1951} 000000090 


Enns (1951) E € 





Falls, Lowrey and Anderson (1951) | t 
ma en Hennigar and Crooks ® 000000 
Langewisch and Bigler (1952) é 


oa Grunwaldt and James g l k 
Johnson (1953) 4 Oooo gos 3 Se 


@ 
a 
-+ 
@, | 
e, 
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TABLE 2 (continued) 


. Author Case No. Derails of Families 
SchultzeJena and Schafer (1957) i > Cko j 
2 OOF Se 
Schreier. Asker and Henckel í 1957} © O @ 
Wilkelm (157) e 
Bennett (1958) og 
‘Female ? 
| Sex not cecerded O 
Miscarriage or stillbirth S 
is Cataracts C) 
Cirrhosis e 
| Reducing sumstance in urine @ 
Trace of recucing substance in ə 
urine 
Abnormal gslactose tolerance ® 
test 
Galactosaerma o 
-Consangsiniy + 


the presence of DPN. The amount of haemoglobin 
in the haemolysate is calculated and the enzyme expressed 
as units per g. of Hb. Huang, Hugh-Jones and Hsia 
(1959) have described these methods in detail. 

Using these methods the results obtained in this 
family are given in Table 1. Normal values for this 
laboratory are given at the top of the Table. The 
grandfather. who clinically had had a reducing substance 
in his urine for years (recently proven to be galactose), 
a large liver and cataracts, was found to have an abnor- 
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mal galactose tolerance test and an enzyme level within 
the affected range. The two of his grandchildren, who 
had typical histories of galactosaemia, also had enzyme 
levels within the affected range. The enzyme deter- 
minations on the grandfather's six children showed them, 
as a group, to be heterozygotes and the only one who was 
free of symptoms had the highest enzyme level. 


Genetic Analysis of Literature 


All the available published literature on galacto- 
saemia has been reviewed. All families containing 
a case of galactosaemia have been tabulated (Table 
2). For a case to be accepted as one of galacto- 
Saemia it must have had the typical clinical history 
of failure to thrive and feeding difficulties since 
birth, jaundice and an enlarged liver, a reducing 
substance in the urine after the first week of life 
and albuminuria. The reducing substance must 
have been proven to be galactose either by (1) its 
failure to ferment with yeast, (2) positive mucic acid 
test, (3) osazone crystal formation or (4) by paper 
chromatography. Many cases also had cataracts, 
were oedematous in the first week of life and had a 
tendency to bleed. Once a case had been diagnosed 
in a family others were quite often diagnosed retro- 
spectively. These have been accepted provided 
they had three of the four following findings: 
typical history, cirrhosis, a reducing substance in the 
urine and cataracts. Using these criteria all the 
families, except those containing only one child, 
have been tabulated in Table 3. 

Clinically, as had already been mentioned, it 
seems likely that galactosaemia is transmitted as a 
recessive gene. To confirm this the family data 
collected from the literature have been analysed 


TABLE 3 
ANALYSIS OF THE 57 SIBSHIPS WITH ONE OR MORE CASES OF GALACTOSAEMIA, COLLECTED 


FROM THE LITERATURE, BY THE A PRIORI 


Observed No. of Cases 


METHOD (ONE CHILD FAMILIES OMITTED) 





oid 


D aeemmaromatal 





Family Size | No. of Families a 
$ 
= 





2 | 15 9 | 
3 $ 20 | 16 

$ | # Bo 
5 i 
6 2 2 i 
T l 4 3 | 
9 1 e 
i 1 i 


Standard deviation 






PAREN m erm NAAT nein a È Arment e naa Ai aaa fraternal Manaan naa n innnan E AAYA ram aan PL A amaA 


Expected 
No. of 
Cases 


Variance 


+ 


17-142 


mè 
$a 
D 
ne 
+ oe 


=» 472 
Observed cases, excluding cases from families of size one = 88 


Expected number of cases = BI 
„E = difference between the observed and expected number of cases = 7g 
standard deviation 4°72 
7 degrees of freedom 
p> 0-05 





526 


by two methods. In each instance it has been shown 
that the observed frequency of cases was not signi- 
ficantly different from the theoretical incidence 
calculated for a recessive mode of inheritance. 

In the first instance the data was analysed using 
the Weinberg sib method (Schultz, 1936). The 
formula for a recessive mode of transmission is: 


Ta~—P 
TOP Should equal 0-25 
SE = / Pe. 
T—P . 
Where: Ta = Total affected children in all the families 
T = Total children in all the families 
P = Probands 


p = Expected frequency of affected 

q = Expected frequency of remainder 
There were 36 families with only one child, of which 
18 were males, 12 females and in six the sex was un- 
recorded; when these were added to the data from Table 
3, the formula became: 

0-25 x 0-75 
54629 0-2 SE 153 == 0-035 

Thus, the difference between the observed and expected 
value was not significant, 

The data were also analysed by the ‘a priori’ or Apert’s 
method. Calculating the expected number of children 
to be affected from Hogben’s tables reproduced by Neel 
and Schull (1954) it will be seen from Table 3 that in 
these 57 families (families with only one child were 
omitted in these calculations) there should have been 
81-3 affected children. The number observed was 88 
The standard deviation is the square root of the sum of 
the variances. The difference between the observed and 
expected was 7; this divided by the standard deviation 
gave a ‘t’ value of 1-5 which for 7 degrees of freedom 
was not significant. Therefore, the difference between 
the observed and expected number of affected children 
was again not significant. 

In the total series, where the sex had been recorded, 
there were 66 males to 40 females. From Table 2 
the sex of the unaffected siblings, where recorded, gave 
a ratio of 32 males to 25 females. There was obviously 
no significant difference between these two figures. 
Many of these galactosaemic children had died within 
the first month of life; therefore, as another comparison, 
the sex ratio at birth of the large Birmingham series 
reported by Crosse (1949) has been used. In this series 
of over 19,000 births there were 53% males and 47% 
females. This gave a calculated incidence of 56 males 
to 50 females for this series. Using the x” test between 
the observed and calculated values t = 1:92; 1 d.f; 
p ~>0-05. So there was no statistical evidence to suggest 
that this difference in sex incidence was of significance. 
These statistical analyses confirm the clinical impression 
that galactosaemia is transmitted by a Mendelian auto- 
somal recessive gene. 

Discussion 

As has already been mentioned, attempts to 

detect the heterozygous carriers of this condition 
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by stressing them with galactose tolerance tests 
have not been sufficiently precise to be successful. 

During the past year three groups of workers 
have been able to demonstrate an abnormality 
amongst the heterozygous carriers of gakactosaemia. 
Originally Hsia et al. (1958) reported a reduction 
of the enzyme galactose-1-phosphate uridyl trans- 
ferase in the red cells of a group of 12 heterozygotes 
as compared with 11 normal controls. Bretthauer, 
Hansen, Donnell and Bergren (1959) modified the 
original method of assaying the enzyme and found 
that they were able to detect the heterozygous group 
with less overlap of the results between carriers and 
controls than the previous worker. Kirkman and 
colleagues (Kirkman and Kalckar, 1958; Kirkman 
and Bynum, 1959), have reported a more refined 
technique of enzyme assay using oxygen consump- 
tion and by this method have also shown a decrease 
of enzymatic activity amongst the relatives of 
galactosaemic individuals. The first study has 
been enlarged upon by the addition of further data, 
and also by a second attempt to detect the carrier 
state by measuring the accumulation ef hexose-1l- 
phosphate in the red cells under the stress of a 
galactose tolerance test (Huang et al., 1959). The 
results of these enzyme assays have been analysed 
and are included at the top of Table 1. Although 
it may be difficult to evaluate the significance of the 
results from an individual, the differemce between 
the enzyme levels of the normal group and the 
heterozygous carriers gave a value for ‘t of 3-0 
with 37 degrees of freedom (16 normal controls and 
a group of heterozygotes consisting of 18 parents 
and five offspring of galactosaemic patients). This 
difference was highly significant (p <0-005). That 
the value for heterozygotes with one abnormal 
gene fell between the normals with no abnormal 
genes and the homozygotes with two abnormal 
genes lent further support to the recessive mode of 
transmission. . 

The interest in this family lay in the chance 
discovery of an affected adult who kad affected 
grandchildren. From our genetic analysis of the 
literature we would have expected him to have two 
abnormal genes for galactosaemia and therefore, 
for him to have handed on one of the abnormal 


-genes to each of his children. This has been elegant- 


ly confirmed by doing the enzyme levels in this 
family; the average enzyme level for his six children 
was 2-5, which was well within the heterozygous 
range. That one of his daughters should have 
married another unrelated heterozygous carrier 
for galactosaemia was a chance of fate, but of great 
academic interest. That the father of these grand- 
children was a heterozygote was confirmed by the 
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> enzyme studies. Therefore, in this family study, 
< there was a clear confirmation of the recessive mode 
Of mheritance and a demonstration of the laboratory 
_ techniques for detecting heterozygotes. In addition, 
. the use of enzyme determinations was shown in 
< confirmeng the clinical diagnosis. 

E was not generally known that a person with 
galactosaemia could live to be an adult in reasonable 
health without treatment. One other adult case 
has been found by this laboratory. There were 
three cases in the literature reported by Ritter and 
Caanon (1955) and by Durand and Semach (1955), 
whe were not diagnosed until the ages of 5, 14 and 
8 years respectively. They showed little ill effects 
other than cataracts and no doubt could have lived 
normally with no more serious effects than had 
the grandfather I, R.W. Presumably his two 
grandchiidren who were not diagnosed until the 
ages of 9 and 5 years could also have survived. 
Mason and Turner’s. (1935) original case is now in 
his late 20’s but he is severely retarded. 

Another unusual feature in this family was the 
symptomatology among the heterozygotes. I.e 
were alf heterozygotes because their father I} was 
a homovygote. This has been confirmed by the 
enzyme studies. Three of his four daughters felt 
unwell when pregnant and had mellituria; in one Ho, 
this has been proven to be galactose. His two 
sons hac mellituria and after reducing their intake 
of milk their conditions improved. The only child 
in this family who did not have symptoms had an 
enzyme level at the upper end of the heterozygous 
range. Clienburg and Peterson (1951) and Hudson, 
Ireland, Ockenden and White-Jones (1954) have 
~reperted siblings of affected cases who showed a 
trace of reducing substance in the urine. LoPresti, 
ł Rice (1952) and Kalckar, Anderson and 





itari ane 
Isseibacher (1956) each record a paternal grand- 
father who was intolerant of milk; Holzel and 
Komrower (1955) state that one of the fathers of 
their patients became ill after taking 30 g. of galac- 
tose daily. Abnormal galactose tolerance tests 
have been demonstrated in some parents and siblings 
though not regularly (Brodie, 1952; Holzel and 
Komrower, 1955; Durand and Semach, 1955: 
Komrower, Schwarz, Holzel and Golberg, 1956). 
This was not surprising once it was realized that the 
heterozygote has less enzyme available than normal 
and in some cases this was nearly as little as in 
Ee affected andividuals. 


Summary 
A family is presented in which the grand- 
father was proven to have galactosaemia by galactose 
tolerance tests and by the determination of the 


D2 


enzyme galactose-l-phosphate uridyl transferase 
level in his blood. His six children were shown by 
similar enzyme studies to be heterozygous carriers 
of the condition and one of these married another 
unrelated heterozygous carrier and they had two 
affected children in their family of four. A complete 
review of the literature is given and genetic analysis 
of the data collected strongly suggests that galacto- 
saemia is transmitted as a Mendelian autosomal 
recessive gene. The results of our laboratory 
studies in the detection of the heterozygous carrier 
in galactosaemia are given and these confirm, in 
this family, this mode of transmission. 


The authors wish to thank Miss Grace Lawrence, 
M.S., for her help in doing the blood galactose deter- 
minations. 
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During recent years there has been a revival of 
the interest in oxygen saturation in the umbilical 
~ blood; this work was started in the 1930°s by Hasel- 
-horst and Stromberger (1931) and several papers have 
been published by different groups (Walker and 
Turnbull, 1953; MacKinney, Ehrlich, Goldberg and 
Cantwell, 1955; Rooth and Sjöstedt, 1955, 1957; 
Bancroft-Livingston and Neill, 1957; Turnbull and 
Baird, 1957). It should be remembered, however, 
that measurements of oxygen saturation mainly 
give an indication of the amount of oxygen present 
in the blood. For a more complete picture of the 
oxygenation it is also necessary to know the oxygen 
tension (pO) since that is the force by which oxygen 
is pressed from the vessels into the tissues and 
because the physiological effect of the oxygen 
depends solely on its pO». 

As oxygen in foetal circulation is obtained from 
maternal biood in the intervillous space of the 
placenta. a comparison between the levels of pO. 
in the interrillous space and in the umbilical vessels 
will indicate the diffusion pressure drop of the 
oxygen between the maternal and foetal circulation 
‘in the placenta. 


Material and Methods 


The cord blood was investigated in 178 cases after 
-spontanecus delivery in vertex presentation. One 
‘hundred anc twenty-eight of the infants were normal 
‘without any signs of asphyxia; 30 infants had signs of 
mild asphyxia, usually with slow or irregular heart beats. 
Nineteen infants had meconium stained amniotic fluid 
without any other signs of asphyxia. 

-= During labour the mothers were given ‘trilene’ or 
nitrous oxide and in some cases a few drops of chloro- 
form at tae moment of delivery. 

. The cord was clamped immediately after birth and 
blood was drawn from the vein and the arteries into 
heparinized syringes. The analyses of the blood were 
started immediately. 

~The bleod:in the intervillous space was investigated 
in 25 cases of normal pregnancy. The placenta was 





punctured through the abdominal wall before labour 
had started. Only local anaesthesia was used and no 
complications occurred. Before puncture the placenta 
was localized as carefully as possible by palpation and 
auscultation (Norman, 1953) or sometimes by radio- 
graphs. The puncture was always made below the 
umbilicus on the side of the legs of the foetus. When 
the placenta was punctured, it was an easy matter to 
get 10-20 ml. of maternal blood into a heparinized 
syringe; if the uterine wall only was punctured the out- 
come was a few millilitres of blood obtained with 
difficulty. Punctures of the human placenta have also 
been made by Walker and Turnbull (1959) and Prystow- 
sky (1959). 

The pO, was measured polarographically with the 
Clark electrode as described by us (Rooth, Sjöstedt and 


Great care was taken in order to obtain as reliable 
information as possible about the time of gestation. 
Most of the mothers were under observation by the staff 
during pregnancy and any case in which the duration of 
pregnancy was doubtful was rejected from the investi- 
gation. 


Results 


The pO,» values from the vein are given in Fig. I 
and from the arteries in Fig. 2. In normal cases 
two-thirds of the observations from the vein are 
between 25 and 35 mm. Hg; in the arteries two- 
thirds of the values are between 10 and 20 mm. Hg. 
The mean pO; in normal cases is 29-3 in the vein 
and 18-3 mm. Hg in the arteries. 

Figs. | and 2 also give the pO, values for the 
asphyxiated infants and infants with meconium 
stained amniotic fluid. The mean pO, in the vein 
of the asphyxiated infants is 27-0 and in the arteries 
16:0 mm. Hg. The mean pO,» in the vein of the 
infants with meconium stained amniotic fluid is 
29-2 and in the arteries 15-6 mm. Hg. 

In Table | the pO», in 113 specimens from the 
umbilical vein and 89 samples from the arteries 
are divided according to gestation time. The 
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Fie, 1. —Distribution of the oxygen. ‘tension in the umbilical vein in 
normal and: esplyalatey infants and infants with meconium stained 
Se hak amniotic. fluid. 


differences between the different weeks are small 
and irregular in the whole group: as well as in the 
primigravidae (Table 2). z 

The results of the analyses. ‘of the eels 
blood are shown in Fig. 3. The mean pO, is 39-9 
mm. Hg with the range 27-5 to 53-7 mm. Hg. 






Discussion 
The figures available in the literature on the pO, 


of the cord blood are summarized in Table 3. 
Direct measurements have been made by Beer, 
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Fic. 2. _Distribution of the oxygen tension in the umbilical arteries 
in normal and asphyxiated infants and infants with meconium 
stained amniotic fluid. 


Bartels and Raczkowski (1955), Wulf (1958) and- 
Sjöstedt, Rooth and Caligara (1960). Beer et al. 
(1955) and- Wulf. used the potentiometric method of | 
Bartels (1951). The mean values of Beer et al. 
are lower than might be expected from the oxygen 
saturation analyses cited above. They are difficult 
to explain and may be. due to the individual cases. 
On the other hand the values given by Wulf corre- 
spond to ours and to the majority of the oxygen 
saturation measurements in the literature and it may 
therefore be assumed that the mean pO, in the 
umbilical vein in normal cases is about 30 mm. Hg 


OXYGEN TENSION IN UMBILICAL CORD BLOOD 


TABLE 1 


© OXYGEN TENSION IN THE UMBILICAL CORD BLOOD 
| AFTER NORMAL DELIVERY AT DIFFERENT GESTATION 





Arterio- 
venous 
Difference 
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at the time of delivery and the corresponding value 
in the arteries is about 18 mm. Hg. 

_. Wulf shows, as expected, that the pO» in the cord 
blood i is less in the asphyxiated cases. In the present 
series the mean difference between the- normal 
cases and both the asphyxiated group and the 
meconium: group is small, but as shown in Figs. 
l and 2 there are more low values in the two latter 
groups than in the normal cases. In the normal 


TABLE 2 


OXYGEN TENSION IN THE UMBILICAL CORD BLOOD OF 
PRIMEGEAVIDAE AFTER NORMAL DELIVERY IN 
DIFFERENT GESTATION WEEKS 


ANODNE 


H 





Vein i Artery 
Gestation ———_—_—_—-|_-__-—______|—_-—--_______}_ 
{weeks} > / Mean pOe : Mean pO 
- Number | (mm. Hg) © Number imm. Hg) 
SR : 2 30-8 i 2 : 9-1 
sf 39 ; 13 29-2 10 ; 20:9 
AD 17 28-0 ; i4 i 17-6 
41 6 i 30-8 ; 6 20-6 
42 § i 33-7 ; 7 i 25-2 
43 ; 8 ; 29-2 6. 18-2 
Total 54 2397 | 45 1 199 
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_ cases there are 19% with a pOs in the vein of less 
than 25 ram. Hg, while in the meconium group there 
are 32% and in the asphyxiated group 40%. 
corresponding frequency of values less than 15 mm. 
Hg in the arteries is 31, 36 and 50%. 

_ Just as was found in our study on the oxygen 
saturation in the cord blood (Rooth and Sjöstedt, 
1955), the group labelled ‘asphyxiated’ contains some 
cases with normal and others with lowered pO». This 
is explained by the fact that most of our cases of 
asphyxia enly manifested themselves temporarily 
in the form of foetal bradycardia before birth. 

In comparing the values between the normal 
and the asphyxiated cases it can be seen that the 
‘differences are much smaller for the pO» than they 
are for the: oxygen saturation. This is because of 
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the shape of the oxygen dissociation curve. In 
measurements of adult arterial blood the oxygen 
saturation may vary from between 92 to 96%, 
whereas at the same time the pO, changes from 
70 to 95 mm. Hg. This is because the values lie 
in the horizontal range of the oxygen dissociation 


TABLE 3 
SURVEY OF UMBILICAL CORD BLOOD pO: STUDIES 

















ssid Te 
Author — perme aaa cnn 
Number, “Mean pOg Number | Mean pOs 
Normal pregnancy and | | 
Hon Apain infants | | | 
Haselhorst and Strom- | i 
berger, 1931 a i 4 | 30 
Beer et al, 1955 cee 2R | 92 | 2 | 22-4 
Wulf, 1958. -i 36 | 157 | 36 | 372:0 
Sjöstedt et al., 1960 i St | 169 ? 68 | 28-9 
Present investigation... 96 | 18-3 | 128 | 29-3 
Asphyxiated infants : : ; | 
Wulf, 1958 .. 3 20 | 40 20 73 
Present investigation || 32 | 158 43 | 27-9 
curve. With the umbilical blood the opposite 


occurs. The values are now in the range of the 
vertical part of the dissociation curve and although 
the oxygen saturation changes from 70 to 45°% the 
tension only decreases from 30 to 25 mm. Hg. 
In this way the already initially low pO, is main- 
tained, although the oxygen supply is reduced. 
This has been called the buffering effect of the 
curve (Barron, 1959). | 

Most obstetricians associate the presence of 
meconium staining of the amniotic fluid with intra- 
uterine hypoxia. The present series substantiates 
this in so far as the pO» in the cord blood is low more 
often in the meconium group than in the normal. 


10 
n 





pO? 25-299 30-349 35- 399 40-469 45-499 50.549 
min Hg 


Fig. 3.---Distribution of the oxygen tension in the intervillous blood 
of the placenta. 
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According to Walker and Turnbull (1953) 
advancing gestation time especially after 40 weeks 
causes a decrease in the oxygen saturation in the 
cord blood. These results have been confirmed 
by MacKay (1957), whereas no such change has 
been observed by MacKinney et al. (1955), Bancroft- 
Livingston and Neill (1957) or Rooth and Sjöstedt 
(1957). Recently Turnbull and Baird (1957) and 
Walker and Turnbull (1959) have stated that this 
decrease only occurs in primigravidae. 

In his series Wulf had nine cases of prolonged 
pregnancy and found the average pO, in the vein 
to be 13-3 and in the arteries 9-4 mm. Hg. Since 
not less than five of these infants were asphyxiated 
at birth and needed artificial respiration it cannot 
be concluded from Wulf’s data that prolonged 
pregnancy per se decreases the pO, of the cord 
blood. In our series of 113 normal infants 45 
cases have a gestation time of 41 weeks or more 
and, as shown in Tables 1 and 2, the pO, in the 
umbilical vein and arteries is about the same from 
the 38th to the 43rd week of pregnancy. The same 
is valid for primigravidae. Thus it is not possible 
to demonstrate any physiological change in the 
pO, in the umbilical blood immediately before, 
during or after term. 

Nearly all authors have found the arteriovenous 
difference to be 10-13 mm. Hg (Table 1). Only 
Wulf has a bigger difference, 16 mm. Hg. 

No direct measurement of the intervillous pOQ, 
has been published, but our mean value, 40 mm. Hg, 
may be compared to that of Prystowsky (1957). 
Prystowsky measured the oxygen saturation and 
estimated the pO, from an oxygen dissociation 
curve without giving any measurements of pH. 
In eight cases he had a mean of 37-5 mm. Hg 
with the range 24-0-72-0 mm. Hg. Walker and 
Turnbull (1959) also measured the oxygen satura- 
tion in the intervillous blood and estimated the 
pO, to be 36-40 mm. Hg. Beer ef al.(1955) calculated 
the intervillous pO, as 30-2 mm. Hg, basing their 
figures on their measurements of the cord blood 
and data on the maternal arterial blood. As their 
cord blood figures were much lower than ours, 
as already discussed, it is not surprising to find 
their figure for the intervillous blood lower than 
ours. 

It seems therefore that the normal foetus 
gets its oxygen supply from the maternal side of 
the placenta at a tension of about 40 mm. Hg. 
It is not yet known whether the observed scatter 
of -+13 mm. Hg is due to individual variations in 
the mother or to fortuitous sampling near or distal 
to the arterial blood entering the intervillous space. 

Given the data on the pO, of the intervillous 
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blood, umbilical vein and umbilical artery blood it 
is possible to calculate the mean drop: in oxygen 
pressure between the maternal and foetal circulation, 
which is defined as the pressure drop between the 
intervillous space and the mean between the um- 
bilical artery and umbilical vein. We thus find 
a value of 16 mm. Hg. It should be remembered 
that in no instance have we measured the individual 
pressure drop and the figure given here is one based 
on average normal intervillous blood and average 
normal foetal blood. Prystowsky (1957), obtaining 
the cord blood one minute after obtaining the 
intervillous samples, has been able in three cases to 
estimate the pressure drop from measurements of 
the oxygen saturation and found 17-7, 18-3 and 
20-4 mm. Hg, i.e. figures of the same order as in our 
measurements. When the mothers were given 
oxygen, Prystowsky (1959) found that the mean 
pressure drop increased to 37:5 mm. Hg. Beer etal., 
who, as mentioned, have measured pOg in the cord 
blood, made ingenious calculations of the inter- 
villous space blood. If their figures are used in the 
same way to calculate the mean pressure drop it will 
be 14-4 mm. Hg. From this it seems that the 
normal pressure drop is somewhere between 15 and 
20 mm. Hg. It is noteworthy that this is much 
higher than the corresponding drop in the alveoli, 
where it is of the order of a few mm: Hg. One 
reason for this, besides the obvious anatomical 
differences, is that when the blood is very hypoxic, 
as is that of the cord arteries, a long contact time 
is necessary for complete equilibration, and probably 
the time in question is too short in the placenta. 
It is extremely risky to estimate the pressure drop 
in the tissue between the maternal and foetal circula- 
tion in the placenta from the present figures, but 
at any rate it cannot be higher than the difference 
between the intervillous blood and the umbilical 
vein, ie. 10 mm. Hg. Probably the drop is lower. 





Summary 


The oxygen tension in the umbilical vein at the 
time of delivery in normal cases ranges from 6 to 
46 mm, Hg with a mean of 29-3 mm. Hg. In the 
umbilical arteries the range is from 6 to. 32 mm. Hg 
with a mean of 18-3 mm. Hg. 

The mean values in a group of slightly asphyxiated 
infants in both arteries and vein is a few mm. Hg 
lower. 

The mean value in the umbilical veir is the same 
in the normal group as in a group of infants with 
meconium stained amniotic fluid, but the mean 
value in the arteries in this group is about the same 
as in the asphyxiated group. 


OXYGEN TENSION IN UMBILICAL CORD BLOOD 





In the irtervillous space the mean pO» in 25 cases 
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ABSENT UMBILICAL ARTERY* 


A REVIEW OF 113 CASES 


BY 
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The umbilical cord normally contains two arteries 
and one vein embedded within Wharton’s jelly 
which is, in turn, enclosed by an epithelial membrane. 

Hyrt! (1870) described the absence of one of the 
umbilical arteries in 12 instances (four infants and 
eight placentae) of which only two infants were 
malformed, one suffering from spina bifida and both 
having cleft palates. He also noted that male 
infants were affected more often than female infants 
and that females lacking one umbilical artery were 
more frequently malformed and often anencephalic. 
Neither the observation of male dominance nor the 
higher incidence of abnormalities in females have 
subsequently been confirmed, although there is a 
high incidence of anencephalic deformity in the 
female infants. He collected a total of 58 cases 
from the literature to add to the 12 of his own. 

Browne (1925) reported a premature infant in 
whom the umbilical cord contained a single artery 
and the umbilical vein was replaced by a capillary 
network. Javert and Barton (1952) reported the 
results of the examination of 1,000 abortuses in 
which histological sections from 104 umbilical cords 
were examined. Only one was found to contain 
a single artery. 

Benirschke and Brown (1955) described a retro- 
spective study of 55 infants in whom one artery 
was missing from the entire length of the umbilical 
cord. Of these 55 only 13 (24%) were considered 
to be normal children and of the remaining 42 
there were 27 (64°4) who suffered from a wide range 
of congenital abnormalities, many of whom had 
multiple defects. Placental abnormalities were 
common (39%). Little (1958) examined the umbilt- 
cal cords of 1,200 consecutive deliveries, finding 
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that 12 (1 °4) contained only one artery throughout, 
and in four (0-3°) the arteries fused locally near 
the placenta; congenital abnormalities were present 
in 25%. Recently Benirschke and Bourne (1960) 
reported the incidence of absent umbilical artery 
to be 15 (1 °%) in 1,500 consecutive deliveries. Eight 
(53°) were considered to be developmentally 
normal, although one was stillborn, whilst seven 
(47°) were found to possess major or minor con- 
genital abnormalities. Only 12 (80°) remain 
alive, one of whom has survived operative treatment 
for oesophageal atresia and trachec-oesophageal 
fistula. 

It seems fairly certain that the overall incidence 
of this abnormality is in the region of 1% of all 
deliveries. Furthermore, they report that absent 
umbilical artery occurred seven times (7%) in a 
series of 100 consecutive unselected twin pregnancies. 
This is much higher than has hitherto been supposed. 


Materials and Method 

A total of 113 infants in whom ene umbilical 
artery was absent (Fig. 1) has been studied at the 
Boston Lying-in Hospital and the Children’s Medical 
Centre, Boston, Mass. The series is composed of 
55 cases first observed in a mainly retrospective 
study, 15 cases reported to be present in the exami- 
nation of 1,500 consecutive placentae, together with 
a further 43 instances observed during the past 
three years in the Pathology Department of the 
Boston Lying-in Hospital. With the exception of 
some of the 55 instances which were retrospective, 
the examination consisted of a gross-evaluation of 
the placenta together with a microscopic study of 
at least three blocks of tissue. These included sec- 
tions from the middle portion of the umbilical 
cord, a segment of rolled membrane and a section 
of full thickness placental tissue. In the event of 
absence of an umbilical artery from the histological 
section of the cord, the secundines, which had been 
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Section of the umbilical 


Fic. 1.—Absence of one umbilical artery. 

cord showing the dilated vein and a single artery. Note the muscular 

wall and small lumen of the artery. There are no residual ducts or 
vessels present. (H. and E. x 10.) 


stored awaiting ‘histological clearance’, were re- 
examined to confirm the absence of an artery from 
the entire length of the cord. In instances of foetal 
death confirmation of the absence of one of the 
intra-abdominal vessels was sought at necropsy. 
Owing to the high incidence of associated congenital 
abnormalities, it was the usual practice to inform 
the paediatrician immediately upon the finding of 
a single umbilical artery. This assisted in the early 
diagnosis of oesophageal atresia in at least one 
infant. 

A total of approximately 6,000 deliveries occur 
each year in the Boston Lying-in Hospital. With 
the exception of the consecutive series mentioned 
above the placentae are examined in the laboratory 
only when indicated by such conditions as maternal 
illness or disease; foetal distress, abnormality or 
prematurity; plural pregnancy; hydramnios and 
other complications of pregnancy as well as patients 
of clinieal or pathological interest. 

It is realized that 98 of the total 113 cases are 
derived from selected material from which it might 
be erronecus to draw definite and final conclusions. 
The reasons for the selection of the material from 
which these cases are derived, however, are so 
diverse that there is ample justification for the analysis 
of certain factors. 


Maternal Factors 


Age. An analysis of the ages of the 113 mothers 
who were delivered of infants lacking one umbilical 
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artery is shown in Table 1. It is noticeable that 
26 (62%) of the 42 primigravidae were under the 
age of 25, whereas only 13 (22%) of the 59 multi- 
gravidae were under the same age. Compared with 
the average ages of a control series of patients, 
this series shows an increased incidence of the 
anomaly among the younger primigravidae and the 
older multigravidae. The age groups of the total 
series, however. conform fairly closely to those 
of the controls, because the increased incidence 
at the younger end of the primigravidae scale 
balances the similar, but less well marked, rise at 
the older end of the multigravidae scale. These 
findings are in broad agreement with Baird and 
Walker (1959), who state ‘The incidence of foetal 
deformity . . . is highest in the 15-19 age group and 
decreases with age till thirty-five; a slight rise occurs 
in the age group 35 and over’. 

The average age of the 19 mothers of infants 
with central nervous system anomalies, 28-3 years 
compared with 28-5 years, failed to confirm that 
these, in particular, occur in a high age group 
(Hegnauer, 1951). 


Parity. Forty-two of the mothers were primi- 
gravidae and 59 were multigravidae whose parity 
varied from one to 15. These are shown in detail 
in Table 2 and agree essentially with the control 
series except for the high number pregnant for the 


TABLE 1 


ANALYSIS OF AGES OF MOTHERS DELIVERED OF 
INFANTS LACKING ONE UMBILICAL ARTERY 





Age | 














Primigravida Multigravida Total 
(years) | 
20 e 5 l 6 
21-25 21 12 33 
26-30 8 15 23 
31-35 6 17 23 
36—40 | 2 | 12 14 
41 — 2 | 2 
a tas ill Late oe 59 101 
Average age. | 25°3 30:7 28-5 
TABLE 2 
GRAVIDITY 
Gravidity | No. 
l 42 
2 21 
3 15 
4 11 
5 3 
6 5 
7 1 
8 2 
15 l 
Total y 101 
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sixth time, an observation that is not considered 
to have any significance. 

The 59 women who had been pregnant previously 
had produced a total of 111 live born infants, 12 
stillbirths (a rate of 103 per 1,000) and 32 abortions. 
Four of the 111 live born infants died in the new- 
born period so that only 107 (69°) infants survived 
the newborn period out of a total of 155 previous 
pregnancies. This incidence (31%) of foetal loss 
in the past history of these patients is surprisingly 
high and much greater than the 11°, of the control 
series. 


Maternal Diseases. A high incidence of pre- 
eclampsia (30°4) was described by Benirschke and 
Brown (1955). This was not confirmed by Little 
(1958). Both authors agree that the large number 
of pre-eclamptic patients in Benirschke’s series was 
the result of material selection and that it did not 
reflect the true incidence of this complication of 
pregnancy. This series of 113 cases includes the 
55 described by Benirschke, together with a further 
58 additional cases in which pre-eclampsia was 
diagnosed in only five (9%) instances. This 
indicates that pre-eclampsia is not associated with 
the absence of an umbilical artery either as an aetio- 
logical factor or as a result of the abnormality. 
Altogether a total of 19 patients (16%) were found 
to be suffering from pre-eclampsia in the total of 113. 

The association, however, of pre-eclampsia and 
a single artery in a total of 19 patients resulted in 
seven stillbirths, three neonatal deaths and nine 
living infants, which illustrates that this combination, 
even if it is fortuitous, is particularly lethal to the 
foetus. 

A careful study of the general health of the mothers 
has not disclosed any factor that might influence 
the pregnancy so as to predispose the foetus to this 
particular anomaly, The high incidence of foetal 
wastage in the previous pregnancies of multigravida 
has been described; a high proportion (8%) of 
patients suffered from antepartum haemorrhage. 

Two otherwise normal infants suffered from 
erythroblastosis foetalis due to rhesus incom- 
patibility, one being stillborn and the other dying on 
the first day. Four of the mothers suffered from 
epilepsy (grand mal). 


Hydramnios. The incidence of foetal abnor- 
mality is particularly high in association with 
hydramnios. Macafee (1950) stated that the inci- 
dence of foetal abnormality was 46% in a series of 
hydramniotic pregnancies. It is not surprising, 
therefore, that there should be a fairly high incidence 
of hydramnios in association with absence of an 
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umbilical artery. Nineteen (19%) patients were 
considered to suffer from hydramnios in the 101 in 
whom adequate information was available and this 
figure is probably a conservative estimation, because 
in the original study of 55 cases only four were 
present, 15 occurring in the last 58 patients. This 
high incidence of hydramnios was not confirmed 
by Little (1958). It is interesting that all.19 (100%,) 
of these infants suffered from congenital abnor- 
malities and that 12 were stillborn; five died in the 
neonatal period and the two who survive do so 
because of successful surgical treatment of oeso- 
phageal atresia. The association between hydram- 
nios and oesophageal atresia is now accepted 
(Scott and Wilson, 1957), and in one of the surviving 
patients the early diagnosis of oesophageal atresia 
was hastened by the finding of umbilical artery 
aplasia within a few hours of the birth of the infant. 


Heredity. There is little or no evidence to show 
that this condition is of an hereditary nature. Only 
one mother was known to suffer from any major 
congenital abnormality (pulmonary stenosis) and 
one had congenital syphilis. No abnormalities 
were known to be present in the male parents but 
they were, necessarily, not subjected to the same 
scrutiny as the mother. Furthermore, the wide 
range of associated congenital abnormalities seems 
to mitigate against a single hereditary factor. 
Four mothers (4°4) suffered from grand mal, which 
might be significant, but the numbers are too smali 
to justify the assumption that it was in any way 
a causative factor. | 

There is, however, some evidence that the anomaly 
forms part of a diathesis in which abnormalities are 
frequently multiple and may be recurrent. These 
assumptions are based upon the past history of 59 
multigravid patients in which 48 (31%) out of a 
total 155 pregnancies failed to produce a living child. 
It is unfortunate that more detail was not available 
concerning the loss of these infants, but such infor- 
mation as is available does not reveal any definite 
recurrence of single umbilical artery abnormality, 
although several are known to have produced 
abnormal infants previously. Several mothers have 
subsequently produced norma! children, all of whom 
possessed two umbilical arteries. That these 
patients experience a greater than average difficulty 
in producing living normal children is definite and 
it is possible that the finding of arterial abnormalities 
in the umbilical cord may lead to the recognition 
of such ‘high-risk’ patients even in their first preg- 
nancy. The parents of one infant were known to be 
related cousins; there was no other recorded evidence 
of consanguinity. > 
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TABLE 3 
DETAILS OF 15 (1%) AFFECTED INFANTS FROM 1500 CONSECUTIVE DELIVERIES 
i i ! | 
| | Gestational Complication Foetal | 
_ Number i Sex Twins _ Age (weeks) of Pregnancy | Anomalies Follow-up 

- 41 © M | on 35 | Chorioamnionitis | None found Not traced 
2 | E 39 Placental infarct | None found Normal 
SE ee 38 | None | Forked xyphoid | Normal development 
3 i : monochorial | | 
o4 , M i oan ; 42 | Irregular heart 0-130; None found | Normal 
: a i mi ; | _ discharge meconium | 
me O M | M/M 38 650 g, lighter thanother | Hydrocele, abnormal ; Developing normally; 
a “AS . ' monochorial | ; _ twin i cardiac rhythm ] bigger than twin 
6 O M —— 38 | None | Slight club fot sight | Normal development 
<a | E i 40 None | None found | Normal 
“8 | F | i E/M l | 38 | None | Hyperteleorism, short | No problem 
. : ichoria ! : ers 
9 oo E | mnnn i 37 | Hydramnios i so ohessai atresia | Operated, survived 
é £ ! | and fistula, sacral | 
oe |: i ! : | anomaly 
40 | E i wn ; 37 | Hydramnios | Anencephaly Stillborn 
dl E FE i = l 40 1 None i None found | Normal 
A2 | F : men ; 40 , None | None found Normal 
“3 M ! — ; 37 i None | Renal agenesis, atresia | Died 
; | | i | | ani, accessory pan- | 
z | | , | creas, equinovarus 
14 i F | — 37 _ Maternal floor infarc- | None found Stillborn 
: po tion; long cord 
15 | F | — 40 : Leng cord | None found | Not traced 

| j i 


$ : 
= : ; : $ t 


(After Benirschke and Bourne, 1960.) 


The Infants 

Incidence. In the examination of a series of 
1,500 consecutive placentae a total of 15 (1°) of the 
umbilical cords were found to contain only one 
artery throughout their length. Seven (46°) of 
these 15 infants suffered from congenital abnor- 
malities, of which three were of major significance 
(Table 3). One was a stillborn anencephalic and 
one died from renal agenesis. There were eight 
(53%) normally developed infants of which one was 
a macerated stillbirth in whom no congenital 
abnormality could be found. 

~ The overall mortality in this short series is three 
out of 15 (20%) with one further child surviving 
operative repair of an oesophageal fistula and atresia. 
_.. The relatively high incidence of twin infants in 
this consecutive series (20°) is confirmed to some 
extent by the fact that in a series of 100 consecutive 
twin. deliveries an absent umbilical artery was 
present seven (7%) times. The overall incidence of 
one in 100 is confirmed by Little (1958) and by 
Bourne (1961) who recognized the condition five times 
in. 475 (one in 95) consecutive umbilical cords. 
A- similar incidence is also reported by Emig 
(personal : communication). 


= The Fate of the Infants. It is realized that the 
‘total series of 113 cases is partially selected, but 
nevertheless an analysis of these patients is very 
‘informative. Table 4 shows the fate of these infants. 


A i Live Infants. Only 48 (42%) are alive, of whom 
14 09; ʻa) are known to suffer from congenital 


TABLE 4 
FATE OF THE INFANTS 
anamanna Suannnteeausneetentstsensonen sna 





| | 
Infants Nos. | Ye 
Total E 113 | 100 
Alive .. | 48 i 42 
Normal infants zA ; ] 34 
Known congenital abnormality = 14 | 
Dead , 65 | 58 
Congenital anomaly incompatible with life | 39 
Congenital anomaly compatibie with life | 
in infants dead of other causes: .. Kal 5 
Possible sonal) in unexamined infants . sa 15 
No anomaly . oA : a! 6 | 


abnormalities; 27 infants were either seen or were 
considered by their medical attendant to be both 
physically and mentally normal. It was impossible 
to trace seven infants, all of whom, according to 
their records, were normal when last examined. In 
the absence of any information to the contrary 
these infants are considered to be living and normal. 

It has been possible to trace all 14 infants who 
are alive and who suffer from congenital abnor- 
malities of varying severity. Several of these infants 
(Table 5) are not expected to reach adult life and 
two survive only because of successful surgical 
repair of oesophageal atresia. 


Dead Infants. Sixty-five (58°) of the infants 
died or were born dead, of whom 59 (91°) were 
suffering from definite or probable congenital 
abnormalities (Table 4), and only six (9%), 
who died of known causes, were considered to be 
normally developed for their maturity. 
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TABLE 5 


KNOWN ABNORMALITY COMPATIBLE WITH LIFE IN il SURVIVORS 
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Maturity | Weight 1 Sex. | Abnormality i "Follow-up 
(weeks) ab) | ee | | (ears) 
Cancer ican A ac ara Seer et aa as ame cA OCS: sini ; 
40 | 7-41 PoE i Congenital heart disease ee vie par 
4i i 5-1 qe. <M | QO6¢sophageal atresia Pe Be J Successfal operation 
36 l 7i ToM | Brain cysts ctoo o, Veryypoor prognosis 
37 5-11 LoM. | Hydrocele, umbilical hernia, inguinal hernia | e. E i 
32 i 3°6 oM _ Mental defect; optic fundi abnormal | A » Poor prognosis 
42 | 4°15 | Ë - Multiple haemangiomata ar 
42 6-2 i M. | Arthrogryphosis multiplex cystica, cryptorchid | ae , 
32 2-5 i M | Cryptorchid Pa Twin 
39 8-0 ¿F -o Marfan's syndrome: arachnodactyle A A ; 
38 5:13 OM | Sternal abnormality | od 0 y Twig 
38 3°2 . poo o Cardiomegaly (?) cause i E OO] Twig 
38 5-8 | OM :, Talipes equinovarus ; E BE 
38 l Sd | E | Hyperteleorism ! OS o Twin , 
36 | 4:6. 1 PF. | Oesophageal atresia ; 0:5 | Successful operation 
! Boe Fuad a TE Stee a: ag 





Congenital abnor of such a major degree 
as to be incompatible with life was present in 39 
(60°) of these children, whilst: five (8°) who died 
from other causes were suffering from anomalies 
that probably contributed to` their- death, and 15 
(22%) were considered to` be suffering from a 
congenital abnormality, although severe maceration 
or lack of a post mortem examination prevented 
exact diagnosis. 

Absence of one wiinbilicd artery seems, in itself, 
to bea simple and innocuous congenital abnormality, 
but it is associated with a perinatal mortality 
involving 58% of the affected infants, together with 
a further 12% who are alive but abnormal in some 
way. Such a relationship — is considered to be 
significant. 


Congenital Abnormalities. The types of congenital 
abnormality from. which the affected infants suffered 
have been classified into. systems. These are listed 
in Table 6 and: they are detailed in Table 7. 

The majority of the babies suffered from multiple 
defects which, if serious, are listed separately so that 
the total is” “greater than. ‘the number of infants 
concerned, No system or peculiar abnormality is 
particularly prominent, although aplastic lesions of 


TABLE. 6 
CONGENITAL ABNORMALITIES 








Abnormalities. Nos. | % 
Known congenital abnormalities tno : 
multiple). . a s ..} 38 ! Si 
Gastrointestinal  .. -P as nas 34 | 
Skeletal ia A 25 nt aul 28 
Genito-urinary a Si on syl 27 
eea nr a ue a eee 2i 
Neurological . mn i? Mies cL 19 
Others oo I0 - 
Passible abnormality (unexamined. dead) cue 248 4 
No known abnormality es „c 640 : 35 
Total number of cases Aa Sna eu 24s : 100 
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DETAILS OF CONGENITAL ABNORMALITIES 
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Oesophageal atresia j 
- Imperforate anus .. 
Exomphalos a 
Malrotation. of gut 
Herniae o .. i 
Cleft palate 
Cysts of larynx 
Skeletal . 
Talipes equinovarus 
Poly and syndactyle 
Spine (excluding spna bifida) 
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Arthrogryphosis 
Achondroplasia 
Arachnodactyle 
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Renal aplasia 7 Fa pi ; 
Polycystic kidneys ee | dee Da eal 
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Hypospadias 
Cryptorchid. . i a ee 
Recto-vaginal fistula ahs i ial 
Clitoral hyperplasia SE 
Double uterus w i ss T 
Cardiovascular a ig an in 2i 
Interventricular defect - ua „| 
‘Congenital heart disease 
Fallot tetralogy 
Triloculare . 
Cardiomegaly ae 
Coarctation of aorta 
Absent valves 5 T i ane 
Neurological . e: ete sk és ia] 19 
Anencephaly_ i 
Hydrocephaly | 
Spina bifida. . E a a . ne 
Menial defect. ie i oy. i ne 
Angioma es ns S = ae 
Brain cysts. 
Cyclops 
Nerve paralysis 4 a beg wees 
Others f - Pi bie aud 1O 
Turner's. sy ndrome a Ja , 
Hyperteleorism 
Haemangiomata 
Pulmonary aplasia 
Splenomegaly 
Asplenia .. 
Abnormal optic fundi 
Cystic. pancreas 
Cystic liver 
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“INFANTS. ‘DEAD OF gered TIES INCOMPATIBLE 
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ARS Abnormality | | Death | Total 
$ “Angneephaly Be a ae oo ee e 
< Hydrocephaly .. .. = 2 o] 2 | 4 
 Exomphalos” .. : sad i 1 2 
= Congenital heart disease E 4 ul 15 
© Cyclops... ee fea o oJ e ! 
i Cranial nerve: paralysis ne sal — | 1 ; I 
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= Causeof Death ] Abnormality 











“Broncho-pneumonia_ : 


| Syndactyle 
Hyaline membrane Tracheo-oesophageal fistula 
Sullborn:macerated | Unilateral renal hypoplasia 
Stillborn macerated . d Cleft palate 
Stillborn: macerated | Talipes equinovarus 


the alimertary and genito-urinary tracts are more 
frequent, and lesions of the central nervous system 
- less frequent than might be expected. 

Thirty-nine infants died of congenital abnor- 
malities incompatible with life (Table 8). Congenital 
heart disease is the most common abnormality 
considered incompatible with life. Table 9 shows 
the anomalies present in those five infants whose 
death was considered to be due mainly to other 
reasons. 

The congenital abnormalities from which the 
surviving infants suffer together with their weight 
and maturity at birth, sex, period of follow-up and 
comments are shown in Table 5. Several of these 
children will not survive to reach adult life. Eight 
67%) were premature by weight although only two 
- (14°) were born before the 36th week of gestation. 
This is not surprising if the absence of an umbilical 
. artery slows the actual growth of a foetus in utero, 
but it does: not necessarily prevent the foetus from 
: maturing. It is upon maturation rather than actual 
body weight that the infant subsequently depends 
for its survival. 

-Trivial abnormalities such as cutaneous naevi and 
minor haemangiomata have not been included in 
this series.. The number of uncomplicated or single 
. malformations is very low. There are only 14 
(24% “4) whilst the number of multiple abnormalities, 
-44 (76°%) is much higher than expected. The great 
increase in the incidence of congenital abnormalities 
-in this series is due mainly, but not entirely, to a rise 
in the number of multiple abnormalities. Neel 
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(1958) found that only 14:9% of malformed 
children had multiple defects; Schull (1958) reported 
that the percentage of infants with multiple abnor- 
malities rose to 34-3 °% if the parents were related. 


Sex. It was suggested by Hyrtl (1870) that there 
is a male preponderance associated with this abnor- 
mality. This was not supported by Benirschke and 
Brown (1955) or Little (1958), nor is it supported 
in the present series, which contains 55 female and 
49 male infants. There is one hermaphrodite and 
the sex of eight infants is not recorded. An analysis 
of the various abnormalities, the stillbirths, ‘surviving 
infants or maturity also fails to show any sex 
domination (other than those which are expected, 
such as the anencephalic infants, all five of whom 
were female). There is, in this series, a total of 
16 twin infants, whose sex is predominantly female. 
There are, in fact, 13 female and three male infants. 
No reason is offered for this apparent female 
dominance, which despite the small number of cases, 
does appear to be significant. 


Side of Absence. It is only possible to define 
the absent side at necropsy. Unfortunately ade- 
quate information is available upon only 22 infants 
in whom the artery was absent, 12 times on the right 
side and 10 times on the left. The intra-abdominal 
part of the umbilical artery was easily recognizable 
in more than half the babies, although in some it 
existed as a very thin threadlike structure. Fig. 2 
demonstrates absence of the right artery, The 
dissection displays the branches of the aorta as seen 
from the dorsal aspect and shows marked aplasia 
of all the aortic branches on the right side. A 
similar developmental abnormality of these vessels 
was frequently noted at necropsy, but the corre- 
sponding lower limb was never smaller than the 
contralateral limb. When present, “deformities of 
the lower limbs were usually more severe upon 
the affected side. 


Maturity and Weight. The maturity of 109 
infants is known out of a total of 113. Six were 
non-viable, i.e. born before the 28th week of preg- 
nancy, and 103 were viable. Table 10 shows the 
maturity, sex, average birth weight and average 
placental weight of the infants. The average birth 
weight is lower than normal, especially in the more 
mature age groups. The average placental weight 
is also less than normal. It seems reasonable 
to suppose that the absence of an umbilical artery 
could cause a diminution of oxygen supply to the 
foetus and this theory receives some support from 
the small average foetal weight. There is, however, 
no compensating enlargement of the placenta. 
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Fic. 2.—The viscera of a stillborn infant dissected and photographed 
from the dorsal aspect. Theaortaisnormal. The left iliac, umbilical 
and femoral arteries are normal. The right common iliac artery, 
which is about one quarter of its normal size, is distributed mainly 
along its internal iliac branches. The right umbilical and femoral 
arteries have no visible lumen and exist as threads in connective tissue. 


Infants suffering from congenital abnormalities 
tend to be born prematurely and in this series 56 
(59%) of the 95 viable infants of known weight were 
premature by weight at birth. 


TABLE 10 


MATURITY, SEX AND AVERAGE BIRTH WEIGHT OF 
INFANTS WITH AVERAGE PLACENTAL WEIGHTS 


EER me 


























| Sex Average Average 
Maturity Number (if known) | Birth Weight| Placental 
(weeks) | a Weight 
M | F Ib. oz. (oz.) 
<28 6 2 1 — — 
28 2 1 1 1 8 8 
29 2 1 1 4 10 
30 2 1 1 x “Io 12 
31 1 — l 2- 12 9 
32 5 2 3 2 “ae 13 
33 4 2 2 2 ii 14 
34 3 2 1 2 14 12 
35 12 5 7 >. JS 15 
36 9 5 3 5 4 18 
37 11 5 6 5 2 14 
38 11 Stree. 6 5 15 
3o | 7 ia) 6 4 17 
40 20 a} 2 65 22 
-E | 6 3 2 6 7 19 
42 6 3 | 3 S- 12 14 
>42 | 2 — | 2 5 Oo | 17 
Not known 4 | | 
Total ..| 113 | 48 | 55 





| } | | 


ARCHIVES OF DISEASE IN CHILDHOOD 


Placentae. A relatively high incidence of placental 
abnormality was recorded by Benirschke and Brown 
(1955), and Little (1958) reported an increased 
frequency of velamentous insertion of the umbilical 
cord. In this series there was a total of 32 (29%) 
placentae that showed gross abnormality including, 
velamentous insertion of the cord (12); circum- 
margination (five); circumvallation (five); lobed 
(four); placenta praevia (three) and maternal floor 
infarct (three). Massive infarction of the maternal 
surface of the placenta with resulting intra-uterine 
asphyxia has been noted by Benirschke and Bourne 
(1960) to occur in successive pregnancies and to be 
associated with absence of an umbilical artery. 

Accidental ante-partum: haemorrhage occurred in 
six pregnancies from which only one infant sur- 
vived: four were stillborn and one died after 24 
hours. Placenta praevia was present on three 
occasions. A history of threatened abortion was 
given by eight patients, an episode which did not 
appear to affect adversely the infant’s chance of 
survival. 


Twins. The incidence of absent umbilical artery 
is greatly increased in plural pregnancy. In the 
present series of 113 babies the abnormality occurred 
16 times (14%) in twin pregnancies; only five (31%) 
of these 16 infants are alive and well. 

In a consecutive series of 100 twin pregnancies the 
abnormality was present on seven occasions. This 
incidence of 7% of twin pregnancies, or 3:5% of 
twin infants, as compared with an overall incidence 
of 1% appears to be a significant increase. 
A similar unexplained observation (Stevenson, 
Worcester and Rice, 1950) is the finding of a 
doubled incidence of foetal malformation in twin 
pregnancies. 

Benirschke and Bourne (1960) considered that the 
increase of this anomaly might be caused by a 
relatively higher proportion of monozygous twins. 
This appeared to be correct in a smaller number, 
but the present larger series of 16 infamts does not 
support the theory. Six (37% infants were 
monozygous because of monochorial placentation, 
while 10 (63%) were dizygous because of dichorial 
placentation or heterosexual twins, so that they 
obey the general rule regarding the zygosity of 
twins, which states that nearly one-third are mono- 
zygous and two-thirds dizygous. 


Discussion 


Variations in the number of vessels in the umbilical 
cord are known to occur, but the available informa- 
tion upon their origin and significance is sparse. The 
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_ most important vascular aberration is absence of one 
_ of the two umbilical arteries through the length of the 
o umbilical cord and is associated with atresia of the 
_ corresponding intra-abdominal portion of the artery. 
o This abnormality is present in 1°¢ of pregnancies and 
> in 7% of twin pregnancies. Anastomoses between 
© the umbilical arteries normally occur at the placental 
end of the umbilical cord either in the cord itself 
or in the adjacent placenta. These anastomoses 
presumably serve to equate the intra-arterial pres- 
sures and ensure equal distribution of blood through- 
out the placenta. They may also act as an arterial 
shunt when a portion of the foetal placental circu- 
lation is closed for physiological or pathological 
= reasons aad could, therefore, exert a profound 
-influence upon the ability of the foetus to maintain 
its placental reserve or to resist the anoxic effects 
of large placental infarcts. 


Foetal Abnormalities. The incidence of congenital 
abnormality amongst an average population is 
between 1% and 2°5°% of all live and stillbirths 
(Malpas, £937; Logan, 1951; Lewis, 1956) of which 
approximately half are gross foetal abnormalities. 
Absence of one umbilical artery appears to be the 
commonest major congenital abnormality of the 
human foetus, 

There is: a significant rise in the incidence of 
congenital abnormalities associated with foetuses 
having only one umbilical artery. The width of 
the range of the congenital abnormalities suggests 
that the absence of an umbilical artery is not a 
secondary effect but is probably a primary lesion 
to which, some at least, of the associated anomalies 
are secondary. 

It is possible that these abnormalities are the 
result of the hypoxia to which the foetus is subjected 
during the organo-genetic period. The efficiency 
of a single artery or the date of closure of a second 
artery, are not standard so that both the time and 
degree of relative oxygen lack would vary widely. 
There is no suggestion that all the anomalies in 
this series are caused by a single agent, as some are 
considered to be hereditary (Potter, 1952) but, if a 
_ factor such as anoxia were playing a part in their 
production, it would have to be capable of acting 
over a long period in order to account for the wide 
variety of ebnormalities concerned. 
= However, the majority of anencephalic infants 
possess twe normal umbilical arteries, which indi- 
cates that either absence of an umbilical artery has 
no teratogenetic influence, or, if it does, that there 
are other agents which are equally effective. Similar 
arguments can be forwarded concerning the other 
abnormalities of this series, in that they also are 
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considered to occur in the presence of two normal 
umbilical arteries so that the precise embryological 
and developmental significance of absence of one 
umbilical artery is unknown. 

The high incidence of associated foetal abnor- 
mality occurring in babies with only one umbilical 
artery suggests that the ‘anomalies’ are in some way 
connected. The presence of only one artery in the 
umbilical cord may constitute a severe impediment 
to normal foetal development by causing a resistance 
to the blood flow and possible lack of oxygen to the 
foetus. This, together with an absence of the 
juxtaplacental umbilical arterial anastomosis, may 
also be a cause of intra-uterine death. This series 
includes 16 twin infants and the fact that 14 (88°) 
of these infants were smaller than their normal 
siblings does support the theory that a single 
umbilical artery impairs normal growth. 

Minor congenital abnormalities are conspicuous 
by their absence in this series. When two factors 
that are known to be associated with major con- 
genital abnormalities are combined, such as hydram- 
nios and absent umbilical artery, the foetal loss is 
particularly high. 


Cardiac Malformation. There are several reasons 
why a high incidence of cardiac abnormalities might 
be associated with absent umbilical artery. In 
itself the absence is an anomaly of the cardiovascular 
system and other changes may occur because the 
artery normally develops during the period of rapid 
formation of the circulatory system. A heavy 
strain would certainly be imposed upon the heart 
if a functioning artery underwent degeneration in 
early foetal life. It has been shown that a single 
artery can support an apparently normal foetus 
but the resistance to blood flow and degree of cardiac 
overload must, at times, be considerable and may 
predispose to abnormalities within the heart. One 


‘might assume that measuring the diameter of the 


remaining artery would offer some means by which 
one could determine if an increased resistance to 
blood flow had existed in intra-uterine life. Un- 
fortunately, the thick muscular wall causes their 
lumina to vary greatly after delivery, so that there 
is no reliable method whereby their functional 
efficiency within the uterus can be assessed (Rey- 
nolds, 1952), 


Aetiology. It is disappointing that even such a 
large series does not give any definite indication 
of the cause of this abnormality. There is no definite 
evidence that the condition is familial or recurrent, 
although it does occur in the children of women 
who have a poor reproductive ability. It is more 
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frequent in the younger primigravida and the older 
multigravida. The fact that four mothers suffered 
from epilepsy is interesting but the number is too 
small to be significant. : | 

We have considered the possibility that the vessel 
which was formed in a normal manner has subse- 
quently ceased to function, and atrophied. Such 
a cessation of function would cause some anoxia, 
however transient, which could easily disturb the 
embryological development of the foetus and cause 
congenital abnormalities. The time at which the 
artery ceased to function would be the teratogenetic 
termination period and as such would determine 
which foetal organs would be most severely affected. 
If the time varied widely, so would the malformation. 

The theory that the artery once was present and 
functioning is supported to some extent by the in- 
variable presence of an intra-abdominal umbilical 
artery, albeit often attenuated, on the affected side. 
It is, however, difficult to accept that a properly 
functioning umbilical artery could entirely disappear 
from the umbilical cord without leaving some 
histological evidence of its presence. In four 
instances, however, the residual arterial structure 
was present and, having a diameter much greater 
than that of the vitelline vessels, it is assumed that 
these remnants are aplastic umbilical arteries. 

It is our opinion that the second umbilical artery 
was never satisfactorily formed within the umbilical 
cord in the majority of the infants in this series 
but, that in a few instances, a functioning vessel was 
present at some stage of foetal development. 


Clinical Importance. Absence of an umbilical 
artery, occurring in 1%, of patients, is associated 
with a high incidence of foetal abnormality (65 paa 
Many of these abnormalities are not obvious, nor 
are they readily apparent upon simple general 
examination of the newborn. In most maternity 
units the placenta, membranes and umbilical cord 
are examined, weighed and measured and it would 
be a simple procedure to examine routinely the 
cut end of the cord. The vessels are easily identified 
and the finding of a single artery should stimulate a 
further and more detailed examination of the infant. 
Such an observation might be of great benefit if the 
presence of unsuspected abnormality were to be 
considered in those cases of single umbilical artery 
encountered. Benirschke and Bourne (1960) report 
that the diagnosis of oesophageal atresia was made 
six hours after delivery in an infant who was re- 
examined following the reported finding of a single 
umbilical artery. The child is well one year after 
surgical treatment for the condition. The impor- 
tance of hydramnios in association with absent 
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umbilical artery is stressed, for, in. this series, all, 
of the 19 infants in whom this combination was- 
present suffered from a major congenital abnor- ; 
mality. 


Prognosis.. Details of the congenital abnor- 
malities suffered by the affected children have been 
recorded together with the prognosis both before 
and after delivery. Absence of one umbilical 
artery does in itself diminish a child’s chance of 
survival. The incidence of intra-uterine asphyxia, 
stillbirth and prematurity is higher than normal. — 
The anomaly appears to cause a slowing of intra- 
uterine growth so that the average birth weight is 
less than the expected normal average. It is inter- 
asting to note that these infants, when healthy, are 
similar to twin infants in this respect because their 
ability to survive depends more upon their maturity 
than weight. This series produces further con- 
firmation that this principle applies also to the single 
pregnancies. | 2 l 

When the infants are born alive their prognosis is 
identical to that of their associated abnormality. 
if present, together with superimposed prematurity. 
As stated above, they withstand prematurity fairly 
well and, having survived the newborn period, they 
develop physically and mentally into normal chil- 
dren, provided, of course, that they are not en- 
cumbered by the frequently associated congenital 
abnormalities. 


Summary 


A total of 113 cases of absence of one umbilical 
artery are presented and analysed, together with a 
review of the literature. 

The abnormality is slightly increased amongst 
the younger primigravidae and the elder multi- 
gravidae, but does not increase in incidence as parity 
rises. A total of 59 multiparous women had had 
155 previous pregnancies from which only 107 
(69°) infants survived. A total foetal loss of 48 
(31°) is considered excessive and indicates that 
these women, as far as reproduction is concerned, 
belong to a high risk group. Hydcrammios occurred 
19 times; all (100°) the infants suffered from major 
congenital abnormalities and only two survive as 
a result of surgical treatment for oesophageal 
atresia. There is. at present, no evidence to show 
that the condition is hereditary. 

The incidence of absent umbilical artery is 1% of 
all births and 7°, of twin pregnancies. 

The foetal loss in a consecutive series was 20°, 
but in the total of 113 instances the foetal loss was 
65 (58°). Fourteen of the 48 infants who survive 
are known to suffer from congenital abnormalities. 
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Addendum 


Since writing this article it has been discovered that 
one of the infants considered to be developmentally 
normal is, in fact, suffering from a marked degree of 
mental retardation. 
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Until recently the child’s lung was considered to 
be a miniature of the adult lung (Kölliker, 1881). 
Broman (1923) demonstrated that the bronchial 
tree underwent further branching after birth (in 
cows), that foetal alveolar ducts became bronchioles 
and that there was a postnatal increase of over 
30°, in the number of subpleural vesicles in the 
middle lobe of the right lung in rabbits and man. 

Much work has been done on the minute structure 
of the terminal pulmonary units, of which Miller’s 
book (Miller, 1947) is a landmark. Most of the 
research has been carried out on animals and no 
one, as far as we are aware, has worked on more 
than 15 children’s lungs. No attempt appears to 
have been made to estimate postnatal alveolar 
growth on a quantitative basis. The present report 
records a statistical survey of the growth of the 
human terminal respiratory unit during the latter 
half of intrauterine life and through childhood. 


Material and Methods 


The lungs for study came from 2,500 necropsies 
carried out by the Department of Pathology at the 
Children’s Hospital, Sheffield, during the years 1950-59. 
The routine necropsy practice at this hospital is to fix 
the lung while still attached to the heart and trachea. 
A block of tissue is then taken from each lobe at right 
angles to the direction of the main bronchus and at a 
distance of approximately one-third from the root of the 
lung to the periphery. If pathological lesions are 
suspected elsewhere in the lung, further blocks are taken. 

The whole of the material was surveyed and the sections 
divided into categories indicating whether or not the 
lung showed gross. pathology, and whether the tissues 
were well preserved and suitable for detailed study. 
The clinical histories were surveyed and all cases in which 
there was a congenital deformity of the heart, or a gross 
deformity of any other organ, were eliminated. This 
left approximately 600 well preserved lungs from appar- 
ently normally formed children. (Lungs showing a 
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small amount of oedema or areas of partial collapse were 
not eliminated provided the tissues were well preserved.) 

Owing to the high mortality around birth all the 
lungs from older children were used and a random 
selection, based on necropsy number, from those dying 
during 36-40 weeks gestation. When the langs were 
presented for histological assessment, the person examin- 
ing the sections was not given details of the child’s age 
or the cause of death. 


Method of Assessment of Terminal Segment. Our 
concept of the terminal respiratory unit ef the lung is 
of that mass of air spaces distal to a terminal respiratory 
bronchiole, the latter being a complete tube lined by 
epithelium. This, in Miller’s (1947) classification, con- 
sists of the alveolar duct, atria and alveoli. Several 
methods of assessment were tried but the only one 
showing adequate reproducibility consisted of ignoring 
all the bronchioles completely lined by epithelium and 
noting only those lined by epithelium in one part of the 
wall. From the centre of such a respiratory tube, a 
perpendicular line was dropped on to the nearest and 
definite connective tissue septum (Pig. 1). This. vertical 
line was made by using a single hair diaphragm in the 
eye-piece of the microscope. The number of alveoli cut 
by this line was then counted. This method:overcomes, as 
far as is possible, the effects of varying degrees of collapse 
or of the presence of fluid or exudate in some alveoli. 
Ten such counts were done from each case. It is sur- 
prising how few such measurements can be taken from 
any one section. After all counts had been completed 
the means were correlated with age on a scatter diagram. 
The lungs from 309 children were examined in this 
way. : 

Fig. 1, showing sections from the lungs of a child 
of approximately 28 weeks maturity, and from a child 
of 11 months, illustrates the method of counting the 
alveoli. 


Results 
The final average figures in the different age 
groups, together with the errors of the means based 
upon the standard deviations and number of cases, 
are given in the Table and shown graphically in 
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m a child of 28 weeks gestation (left) and the 





other from a child of 11 months (right). The black line indicates the position of the hair line as used under the microscope. 


TABLE 
ALVEOLAR COUNTS 

















Estimated Number 
Age Group No. of Radial Alveoli S.D. S.E. of Alveoli for 
Cases Count of Mean Terminal Lung 
(mean) Unit 
Gestational 
24-27 weeks | 6 2-2 0-60 0-19 42 
28-31 weeks 12 2-6 0-80 0-20 
32-35 weeks 10 3-2 0-90 0-20 130 
36-39 weeks 9 3-6 0-90 0-20 
Birth (40 weeks) 25 4-4 0-90 0-17 340 
1 wk—4} mths 38 5-5 1-38 0-21 
5- 9 mths 25 6-6 1-68 0:34 
10-15 mths 34 7-0 1-68 0-22 1,370 
15-22 mths 28 7:1 | 1:75 0:22 
23-30 mths 28 7:2 | 1-42 0-19 
2 yrs 7 mths— 3 yrs 6 mths 25 7°3 1-42 0-19 1,556 
3 yrs 7 mths- 4 yrs 6 mths 15 7°5 1-52 0-39 
4 yrs 7 mths— 5 yrs 6 mths 13 7:6 1-12 0-31 115 
5 yrs 7 mths— 6 yrs 6 mths 8 7-8 1-31 0-28 
6 yrs 7 mths— 7 yrs 6 mths 9 8-0 1-31 0-28 
7 yrs 7 mths— 8 yrs 6 mths 4 8-2 1-50 | 0-28 2,200 
8 yrs 7 mths— 9 yrs 6 mths 5 8-5 1-70 0-35 
9 yrs 7 mths—10 yrs 6 mths 6 8-7 1-80 0-40 2,630 
10 yrs 7 mths—11 yrs 6 mths 4 9-0 1-82 0-40 
11 yrs 7 mths—12 yrs 6 mths | 5 9-3 2-00 0-40 3,220 





Note: Gestational age, based upon the last menstrual period, is used up to birth and postnatal age after birth. 


Fig. 2. There is very great variability between 
children of the same age: some lungs were found 
from children of 2 years of age showing a similar 
alveolar count to that of children of 10 years. 
There is an increase in the alveolar count throughout 
the whole of childhood. The radial alveolar count 


goes from approximately 2:5 at 28 weeks of gesta- 
tion to 4-4 at full term. By the age of 1 year, the 
alveolar count increases to nearly seven. This 
increase continues in an apparently uniform way 
throughout the whole of childhood, until it reaches 
between eight and nine at the period just preceding 
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Fig. 2.--Graph showing the mean and standard error of mean of the radial alveolar counts (alveolar depth’), related to age. 


puberty. 
tinue our examination into the older age group, 
there being no suitable matetial available to us. 


The counts given here represent the number of 


acini cut by an apparent random ‘radius’ within the 
terminal respiratory unit. The latter probably 
varies in form but basically is a compressed sphere. 
If this terminal unit were a sphere, the number of 
alveoli in it would be given by the formula 2/3 n°, 
i.e. approximately 2-1 n° (where ‘n’ is the number 
of alveoli cut by the radius). If the terminal unit 
were a cube, ‘n? would represent a half of the length 
of a side and the alveolar count (2n)°, ie. 8n°. 
The formula for a sphere represents the smallest 
theoretical number and that for the cube by no 
means the largest. If we take, for convenience, 
4n°, this gives the terminal respiratory unit at full 
term 4 x (4:4)? == 340 alveoli. At 1 year this 
becomes 1,370, and at ł0 years 2,900, Le. an 
apparent nine-fold increase. 


Discussion 
There is now no doubt that the ideas that the 
lungs are fully formed by 6 months’ gestation, and 
that the act of breathing is responsible for later 
difference in appearance (Barnard and Day, 1937) 


or that the lung is mature at birth (Norris, Kocken- 


derfer and Tyson, 1941), are false. We have found 
that the terminal respiratory unit contains appar- 
ently nine times as many alveoli at the age of 10 


Unfortunately we were unable to con-. 


years as at birth. This does not represent the full 
rate of development as this assumes that the total 
number of terminal units remain the same. Willson: 
(1928) showed that in white. mice there was an 
increase in. the number of branches of the respira- 
tory tree from 21 and 23 in the newborn to 29 and 
30 in the adult and, from the. study of sections from 
lungs of 15 children, stated that the human Jung vs, 





‘tree showed a similar increase. branching” after a 


birth. Bremer (1935) working on opossum - Jungs. 
suggested that the bronchioles grew distally by — 
muscularization and epithelialization of the alveolar 
ducts so that what were at one time alveolar ducts, 
later became respiratory bronchioles. This view was 
also held by Broman (1923). Animals apparently vary 


considerably in the degrees of relative lung maturity 


at birth (Broman, 1923; Engel, 1953), and thus 
animal studies are not directly applicable to man 
in this respect. It has been shown quite conclu- 
sively (Cohn, 1940) that in the rat, there is an active 
production of new alveoli in compensative hyper- 
trophy of a lobe in response to the removal of 
another lobe of the same lung. Evidence regarding 
alveolar growth in man is very scanty and rests 
largely on finding mitotic figures in the lining cells . 
of alveoli and respiratory tubules in infants. 
Palmer (1936) found 17 generations of respiratory ` 
tubes in the human newborn and Broman (1923) 
suggested that there were six to seven further 
generations found after birth. This gives 131,000 
(217) terminal respiratory units at birth and 224, 





? i.e. ih 677,000 in the mature lungs (a 127-fold increase 
zim terminal units!). We have demonstrated that 
there is a nine-fold postnatal increase in the number 
alveoli in the terminal unit. Thus there is a 
retical overall increase of 9 x 127 = 11,243, 
= increase of more than 10,000-fold after 
1, which is much greater than that of the circu- 
Tating bloəd cells. It is of interest that Willson 
(1928) considered that the air spaces in the young 










child were: larger than in the adult, and suggested 





em ea Dubreuil, - Tacoste peri Raymond 
(1936) corsidered that the lung of the newborn 
consisted ef alveolar ducts only and that all of the 
alveoli deweloped after birth. 


















certain. I: has been suggested that the new alveoli 
are formed in-urero by the production of septa 
“across the existing saecula (Loosli and Potter, 1951). 
«Ham and Baldwin (1941), who worked. chiefly 
-op pigs’ lungs, looked upon the lung in Macklin’s 
“concept (1936), as being a structure in a state of 

functional interstitial emphysema, and they con- 
sidered thet new alveoli were not produced by the 
peripheral cells, but by the splitting of the alveolar 
walls and the penetration of air between the beds of 





capillaries na kind of progressive, controlled inter- 


-stitial emphysema. The now well established 
‘presence o a lining membrane to all alveoli, does 


not really invalidate. their concept as a thin mem- 


“brane could well be ballooned into the interstitial 
3 Fred (1956) from a study of rabbit lungs, 
sidered. that the interstitial cells of the alveolar 
“septa, as well as becoming the intra- alveolar 
p ; dbocytes! were also capable of forming alveolar 
-walls themselves. Krahl (1955), following up the 
-electron-mecrographic studies of the lining mem- 
` branes of he alveoli made by Low (1953), took the 
¿problem cf development no further than Miller 
(1947) or Morison (1952) in showing that the epi- 
-thelium of the peripheral alveoli was less attenuated 
than the most central ones. 

The importance of the postnatal development of 
alveoli wil. be appreciated when we consider the 
- possibility of factors such as air pollution or repeated 
“respiratory infections interfering with alveolar 
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proliferation and resulting in adults with a dimin 
ished reserve of alveoli. 


Summary 


A systematic and statistical study has been carried 
out on the lungs of children dying during the later 
part of gestation and through childhood up to 
12 years of age. 

An estimate has been made of the number of 
alveoli in the terminal respiratory unit and this 
shows a rapid increase during the first year after 
birth and a steady increase throughout childhood, 
there being apparently a nine-fold increase in the 
alveoli after birth. 

If consideration is also given to the increased 
proliferation of the respiratory tree after birth, 
there is the possibility of a thousand-fold increase 
in the number of alveoli between birth and puberty. 
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Since the time of Little the role of birth injury in 
the aetiology of cerebral palsy has been much 
debated (Little, 1843; 1862). Freud and Collier 
believed that diplegia often had its origin in prenatal 
life and was less frequently the result of birth injury 
than was generally thought (Freud, 1897: Collier, 
1899, 1924). More recently attempts have been 
made to classify diplegic patients into two main 
groups: 

(1) Those who are delivered prematurely and 
who tend to suffer from paraplegia. This 
group shows, on the whole, normal intelligence 
and no other neurological abnormalities. 

(2) Those of approximately average birth 
weight who show upper as well as lower limb 
involvement. This group tends to show mental 
impairment and other neurological defects 
(Childs and Evans, 1954: Churchill, 1958; 
Polani, 1958). | 

The birth weight distributions of patients suffering 
from congenital paraplegia or tri- and tetraplegia 
are generally found to be biphasic. It has been 
suggested that this provides further evidence in 
favour of there being two major. aetiological groups 
of diplegic patients (Childs and Evans, 1954). 

In the present study, the birth weight distribution 
of 200 diplegic patients was analysed and correlated 
with the clinical findings. 


Terminology 
Diplegia is used to describe a more or less sym- 


metrical paresis of cerebral origin, more severe in- 


the lower limbs than in the upper. The paresis 
may be accompanied by hypotonia, rigidity or 
spasticity of the affected limbs. Patients with marked 
involuntary movements or ataxia were not included. 
The patients were placed i in two categories: 

(1) Paraplegics, in whom the upper limbs 
were functionally normal, even though minor 
neurological abnormalities were apparent in 
them. 


parents. 7 
patients was 5-1 Ib. (S.D. 0-23), and of 112 tri- and 
tetraplegic patients was 6-1 Ib. (S.D. 0-2). 


groups shows a bimodal curve (Fig. 1). 


about 4 Ib. and a smaller one at 8 Ib. 


(2) Tri- and tetraplegics in whom there was. 
some functional involvement of one or both 
upper limbs (Balf and Ingram, 1955). 


Selection of Patients and Methods of Study 

The series. comprised 200 diplegic children referred 
to the Edinburgh Clinic of the Scottish Council for 
Care of Spastics; 58-5% were males and 41-5%, 
females. Their ages ranged from 14 months to 
13 years. | 

Patients may be referred to this clinic by school 
medical officers or general practitioners from any 
part of Scotland. Since many patients were sent 
because they. were believed to be suitable candidates 


for a special school designed to cater for severely 
physically affected children of average intelligence, 
the series was highly preselected. At the clinic 


detailed histories were taken and examinations made 


by a neurologist, psychologist and orthopaedic 
surgeon. In addition to having access to the 
records of the clinic the parents were interviewed 
and patients examined personally in all but a few 
instances. 
cause for the condition was. probable were excluded. 


Any patients in whom a postnatal 


Findings 


Birth Weights. Birth weights were obtained in the 


majority of cases from hospital or nursing home 


records and in the remainder from questioning. 
The mean birth weight of 88 paraplegic 


The 
frequency distribution of birth weights in both 
The dis- 
tribution of birth weights in the genera! population 


showing a unimodal curve is given for comparison. 
This distribution was obtained from a series of live 


births in an Edinburgh hospital (Drillien and Rich- 
mond, 1956), allowance then being made for infant 
mortality. The paraplegics show a major peak at 
In the tri- 
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and tetraplegic group on the other hand, the main 
peak is in the region of 7 Ib. with a lesser rise at 
3 lb. Thus paraplegic patients, as a group, tend 
to be premature, whereas patients with upper limb 
involvement tend towards average birth weights. 


Intelligence. The intelligence of the two groups 
was compared on the basis of the psychologist’s 
assessment and patients were divided into three 
groups: 

(1) ‘Normal’: Those educable at a normal 
school or a special school catering for children 
of average intelligence but with physical handi- 
caps. Arbitrarily, children with an I.Q. of 80 
or above were placed in this category. 

(2) ‘Retarded’: Those unlikely to benefit 
from education at schools for children of 
average intelligence and who were usually 
best placed in schools for the mentally or physi- 
cally handicapped. The majority in this 
group have an LQ. above 60 but below 80. 

(3) ‘Ineducable’: Patients whom it is impos- 
sible to educate, some of whom may be suitable 
for training in occupation centres. An LQ. 
of less than 60 forms the criterion for classifying 
patients in this category. 


Four children, who were considered too young 
for an estimate of educability to be made were 
excluded from the analysis. From Fig. 2 and the 
Table it will be seen that paraplegic patients, as a 
group, are more intelligent than those with upper 
limb involvement. The difference between these 
two groups is highly significant statistically (p = 
<0-001). If the patients are further subdivided 
into mature and premature (the criterion of pre- 
maturity being a birth weight of 54 Ib. or less), it is 
evident that, within each group, patients of smaller 
birth weight tend to be more intelligent than those 
of larger birth weight. However, although the 
difference between the mature and premature para- 


statistically significant difference between the two 
groups of tri- and tetraplegic patients. 


Epilepsy. The incidence of epilepsy among para- 
plegic patients was 9°% (eight cases in 88), whereas 
in the tri- and tetraplegic group it was 26-8% 
(30 cases in 112). 


Strabismus. No significant difference was found 
in the incidence of strabismus in the two groups. 

As a corollary to the above findings one would 
expect the birth weight distribution of patients with 
mental defect and/or other neurological abnor- 
malities (who are thought to represent a distinct 
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TABLE « 
INTELLIGENCE OF PARAPLEGICS AND TRI- AND TETRAPLEGICS 





: ee | No. of : Normal | Retarded == Ineducable 
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group) to show a unimodal curve. Similarly, the 
birth weight distribution of patients of normal 
intelligence who are without other neurological 
defects should also be unimodal (Churchill, 1958; 
Polani, 1959). When birth weights in these groups 
were analysed, the bimodality became less marked, 
but did not entirely disappear (Fig. 3). 

The mean birth weights of the two groups differed, 
being 6-1 Ib. (S.D. 3-1) in patients showing mental 
impairment and/or epilepsy and 5-0 Ib. (S.D. 3-7) 
in the group which did not show these abnormalities. 
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Fic. 3.—Distribution of birth weights related to presence or absence 


of mental defect and epilepsy. 


Discussion 

When birth weights of a group of paraplegic 
patients and a group of tri- and tetraplegic patients 
were analysed the distributions in each group were 
bimodal. Paraplegic patients tended to be smaller 
at birth, more intelligent and less liable to com- 
plicating neurological abnormalities than those with 
upper limb involvement. Tri- and tetraplegic 
patients were larger at birth but more often suffered 
from mental retardation and epilepsy. The greater 
extent of their limb involvement and other clinical 


manifestations suggested that brain damage was 


more extensive than in those with paraplegia. 


It has been suggested that these differenees in clinical 
findings. may be correlated with differences in 
aetiology in the two groups. Both the premature 
birth and the relatively localized cerebral damage 
in the paraplegic patients may be the result of 
damaging factors operating in utero. Possibly the 
prematurity, per se, contributes to the cerebral 
palsy by depriving the nervous system of the intra- 
uterine environment essential for its normal 
maturation (Polani, 1958). The more extensive 
cerebral involvement of the tri- and tetraplegic 
group may be attributed, in some cases, to birth 
trauma. However, even when there is a history 
of difficult delivery, birth trauma cannet necessarily 
be incriminated as foetal abnormality may have been 
the cause of the abnormal parturition. 


Summary 

The birth weights of 88 paraplegic patients and 
112 tri- and tetraplegic patients were analysed and 
correlated with clinical findings. Patients with 
paraplegia, on the whole, were found te be con- 
siderably smaller at birth, more intelligent and 
showed a lower incidence of epilepsy than the 
group of patients with upper limb involvement. 
The distribution of birth weights in both groups was 
bimodal. When the birth weights cf the entire 
group were analysed according to the presence or 
absence of mental defect and epilepsy, at was found 
that most of the patients with mental impairment — 
or epilepsy were of average or high birth weights and 
tended to show upper as well as lower limb involve- 
ment. Those who showed no. other neurological 
abnormalities . tended to be paraplegie patients of 
premature birth. Patients with diplegia can be 
segregated into two fairly well defined groups which 
probably differ aetiologicaily as well as clinically. 





I} am indebted to the Scottish Counc# fer Care of 
Spastics for granting facilities and financial support for 
this investigation and to their medical consultants in 
Edinburgh, Mr. G. A. Pollock, Dr. J. A. Naughton and 
Dr. T. T. S. Ingram, for allowing me to use ‘their case 
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It has previously been shown that reducing sugars 
are frequently excreted in the urine by mature and 
premature newborn babies (Haworth and McCredie, 
1956; Haworth and MacDonald, 1957). Other 
workers, using paper chromatographic methods, 
have also found small amounts of sugars in the 
urines of children and usually higher concentrations 
of lactose and galactose in urines from young babies 
(Woolf, 1951; Apthorp, 1957; Bickel, 1959). 
Coant, Glowacki and Reardon (1959) found a high 
urinary excretion rate of sugars by premature babies 
which could be correlated with the amount of lactose 
in the feedings. 

This paper describes further observations on 
sugars in the urine and blood of newborn babies and 
older children following the oral ingestion of differ- 
ent disaccharides. 


Analytical Methods 


The chromatographic technique employed for the 
separation of sugars in blood and urine was the same as 
that used previously (Haworth and McCredie, 1956; 
Haworth and MacDonald, 1957), being a modification 
of the method originally described by Williams (1954). 
The filter papers were bisected after removal from the 
solvent and one half was sprayed with a benzidine 
developer and the other half with a phloroglucinol 
reagent (Horrocks and Manning, 1949). Glucose, 
fructose, lactose, galactose and pentoses were identified 
by the former reagent and sucrose by the latter. With 
a double application of the test substance, mono- 
saccharides could be identified in concentrations of 
about 10 mg./100 ml. and disaccharides in rather lower 
concentrations. 

Blood sugar estimations were performed by the method 
of King (1951).* 


Part I: Sugars in Urine and Blood of Mature and 
Premature Babies Following Ingestion of Disaccharides 


Clinical Material and Methods. The sugars lactose, 
sucrose or maltose were fed to 47 newborn babies at 





* It has been found that this method measures 100% glucose, 
85° fructose, 68% galactose and 28% lactose. 


the Women’s Pavilion of the General Hospital, Winnipeg 


‘The group was unselected, except that males were 


preferred to females because of the greater ease of urine 


collection. There were 39 males and eight females. 


Twenty-eight of the babies were mature and 19 were 
premature (birth weight 54 Ib. or less). All the babies 
were considered healthy with the exception of two (one 
mature and one premature) who developed hyper- 
bilirubinaemia which was not due to any demonstrable 
blood incompatibility between mother and child. 
Neither, however, required exchange transfusion. Five 
other babies developed mild ‘physiological’ jaundice. 
The birth weights of the babies varied between 3 Ib. 1 oz. 
and 11 Ib. 6 oz. and the estimated gestation of the pre- 
mature babies was from 30 to 40 weeks. The ages of the 
babies at the time of the tests were between } and 23 
days. 

The sugars were fed in doses ranging from 0-5 to 4-2 g. 
per Ib. at the baby’s usual feeding time, i.e. three or four 
hours after the previous feed. In 10 instances the test 
sugar was given in the baby’s usual feed (expressed breast 
milk or evaporated milk) and the additional sugar in the 
feed was taken into account in calculating the total dose 
given. In all the other experiments the sugar was given 
in water. The sugars were administered to several of 
the smaller premature babies by gavage. The dose of 
the sugar given was assessed approximately, allowances 
being made for the baby who was unable to take the 
total volume of fluid and for minor regurgitations. Tests 
were abandoned in babies who vomited. 

Test tubes for urine collection were applied to the 
babies one hour before the test feed and specimens 
collected in this interval were termed ‘a.c.” urmes. Test 
tubes were reapplied at the end of the feeds and left in 
place until the babies voided. These specimens were the 
‘p.c.’ urines. Some babies did not pass urine for as 
long as six hours after the test feed and, because it was 
not justifiable to withhold feedings longer than this, 
some ‘p.c.’ urines were not obtained. It was also not 
possible to collect the ‘a.c. urine in every instance. 

Capillary blood was collected for chromatography 
before the test feed and one and two hours after the con- 
clusion of the feed. In a few tests half-hour and three- 
hour specimens were also taken. 


Results. Sixty-two tests were conducted on the 47 
babies and the results are summarized in Tables | to 4. 


532 


SUGARS IN THE BLOOD AND URINE OF CHILDREN 


2 ee, ‘TABLE 1 
SUGAR CONTENT OF A.C. URINES FROM MATURE AND 
: PREMATURE BABIES 


ae ie rami nmoneenseneeintiins a innana g ' PTRA DADAANAN ATTAIN 





z | Urines ss Urines | 

ey «|? | Containing Containing | Total 

i : Sugar | No Sugar | 

= “Mature... x 5 20 | 25 

5 Premature EA ; | 8 16 24 
< o $ Totals o.o d 13 36 | 49 
ER sane j i ; i 


[ Lines, - Table 1 shows the sugar content of the 49 








% sen pa hese urines contained one or more sugars 
cand 36 contained no sugar. Two urines contained 
z se alone, four galactose alone, five galactose and 
lactose, one glucose alone and one glucose and lactose. 
: e was no statistically significant correlation between 
-the proportiens of urines which contained sugars and the 
5 maturity of the babies. 

` Table 2 shows the number of observations obtained 
by feeding lactose, sucrose and maltose and the subse- 
‘quent urine sugar content. There was no statistical 
difference in the sugar excretion rate of the mature and 
premature babies. It is seen that following a feed of 
lactose, this sugar was found in eight of the 12 urines 
excreted by the mature babies and in six of 15 urines 
excreted by the premature babies. After sucrose feeding, 
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three of six urines from mature babies and two of eight 
urines from the prematures contained sucrose. Mono- 
saccharides were similarly found as frequently in the 
urines of the mature as of the premature infants. After 
receiving a feed of maltose, none of the 14 ‘p.c? urines 
showed this sugar, although, nine urines contained 
glucose. 

There was no correlation between the dose of the 
sugar administered and the subsequent urinary sugar 
content as shown in Table 3. The premature babies 
received on the whole higher doses than the mature 
babies. For instance, of 17 premature babies who 
received lactose on one or more occasions, eight received 
less than 2 g. per lb. and nine 2 or more g. per Ib., while 
13 mature babies received the lower dose and only one 
the higher. 

Pentoses were found in two urines. These were not 
identified with certainty but may have been xylulose. 
Xylose was not found on any occasion in this series. 
The concentration in which the sugars were found in the 
‘p.c.’ urines are expressed in Table 4. It may be seen 
that sugars were most commonly present in concentra- 
tions below 200 mg./100 ml., but glucose, fructose and 
sucrose were occasionally found in higher concentrations. 
A ‘trace’ indicates that there was a very clear but faint 
band on the filter paper, showing monosaccharides in a 
concentration of about 10 mg./100 ml. and disaccharides 
in a somewhat lower concentration. There was no 


TABLE 2 


SUGARS FOUND IN THE BLOOD AND URINE AFTER FEEDING LACTOSE, SUCROSE OR MALTOSE 
TO 47 NEWBORN BABIES 











; Lactose | Sucrose Maltose 
t A i j Saa es ee PV eee eg ee oe a ee eet eee SE 
| Mature | Premature | i Mature — Premature | Mature = Premature | 
| Babies — Babies | Total | Babies Babies | ‘Total | Babies Babies Total 
No. of Patients: | 14 i 13 © 27 | 7 ; 6 fo 43 | 9 ; 6 | 18 
Uris: | l ; | 
“Nocof tests eet 14 17 E | 7 9 16 9 : 6 ; 15 
“NOQvexamined. .. isi i2 15 27 2 6 8 14 9 } 5 O H 
< Glucose , B § 0 ; 5o o: 0 5 5 5 ! 4 Í 9 
o Galactose i 6 if ae: 3 D 0) 0 0 i 0 ! 0 
= Lactose ry oa 8 6 ; E 0 9 Q i | l i 2 
"Fructose .. i al Q 1 E oe 5 4 9 0 0 ' 0 
. Sucrose sa nE 0 0 Oo | 3 2 5 0 0 0 
C Pentose 23 zal 0 ! 0 ; oO | 0 ! l l i 0 | 
j No oO Sugar Ae Ro 3 a ; 5 | i 2 3 4 ; I § 
Ro. ‘of tesis®.. al 4 j i4 OBR i 6 tf) 2 
o Glucose... xe 4 ; 14 eS i 5 6 ü i 2 i 2 
__ Other sugars ae 4 0 0 i oO | 0 0 Q 0 ; G | 0 





i Sa x Fasting:and usually one- and two-hour specimens. 


| TABLE 3 
SUGAR CONTENT OF ‘P.C? URINES RELATED 


TO THE DOSE OF SUGAR ADMINISTERED 





No. of Urines Con- 


Dose i Sugar Given No. of Urines taining No Sugar | Disaccharide* ` Monosaccharide* 
stoner tnt een tenner tenn 
“2-0 w/e ‘Lactose 18 | 3 H 1l 
Sucrose | & | 3 3 i > 
20 glib. ormmore | Lactose 9 2 | 3 il 
Sees i Sucrose 6 | Q | 2 | 9 
>O O% Indicates the number of sugars found in the urines, i.e. several urines contained more than one sugar 
4 
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correlation between the concentration of sugar in the 
urine and the dose administered or the maturity of the 
baby. Two of the babies excreting the largest amount of 
sucrose were mature and had received less than 2 g. per 
lb. sucrose, the other was a premature who had taken 
more than 2 g. per Ib. 

The jaundiced babies behaved no differently from the 
other babies with respect to sugar excretion. 


TABLE 4 
CONCENTRATIONS OF SUGARS IN P.C. URINES 
TRAAT 


l 
Concentration | No, of Urines Containing Sugars 











(mg./100 ml} pmj EEE ee Pa FRAS 
Glucose, Galac- | Lactose} Fruc- | Sucrose 
! | tose | | tose | 
A E ceed Uae PEES EEREN 
Trace». ol S | TT | Eo e | d 
<100 .. ne 4o 5 i 5 p = | = 
100-200 ee ee ee ee Dnr l 
>200 .. Sz 2 i = o oe | P q 3 
Totas .. 19 | 17 | 16 | 10 | 5 
; | i : 


Bioops. Bloods were chromatographed during 26 
tests on 19 babies and, as shown in Table 2, no sugar 
other than glucose was found. 


Part If: Sugars in Urine and Blood of Older Children 
Following Ingestion of Disaccharides 

Clinical Material and Methods. The subjects were 
47 in-patients in the Children’s Hospital, Winnipeg, 
ranging in age from 5 months to 15 years. There were 
24 males and 23 females. The children were carefully 
selected and were as ‘normal’ as possible. Many of the 
children were suffering from minor skin infections, some 
were in hospital for investigation of such conditions as 
convulsions and others were convalescent from infections 
such as pneumonia. None of the children had had 
elevated temperatures for 48 hours before the tests, 
none were taking drugs, such as hormones, which might 
have had an effect upon their metabolism and none were 
suffering from any metabolic disorder. Patients with 
gastro-intestinal disease were not included with the 
exception of four children who were carriers of E. coli 
or salmonella organisms. These four children had had 
normal bowel movements for at least one week preceding 
the tests and were all said to have normal appetites. 
They were receiving standard hospital diets but otherwise 
the carbohydrate intake before the tests was not con- 
trolled. 

The tests were performed at 9 a.m. after the subjects 
had been fasted from midnight. After the fasting blood 
specimens had been taken the children drank the sugars 
dissolved in water flavoured with lemon. The dose of 
the sugar administered was | g. per lb. body weight, 
the minimum dose 15 g. and the maximum 50 g, Further 
blood specimens were initially taken half, one and two 
hours after the feed and in later experiments an additional 
quarter-hour specimen was also taken. These bloods 
were chromatographed and analysed for total sugar 
content. From eight of the children, five and 10-minute 
bloods were also analysed for total sugar. 


children who had received this sugar. 
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Urines for chromatography were collected one hoyr 
after the test feed, but in some of the children no sample 
was obtainable. 

Five additional ‘normal’ children (four males and one 
female) whose ages ranged from 6 weeks to 21 months 
were given lactose by mouth under the same conditions 
as detailed above. Immediately following the feed, 
urine collection was started and continued for eight 
hours. An approximate quantitative estimation by 
paper chromatography was made of the sugars in each 
of the urines. 

Results. Eighteen children received lactose, 22 
sucrose, and seven maltose. 

The results of paper chromatographic analysis of the 
urines and blood are shown in Table 5. It can be seen 
that 12 of the 15 urines obtained from the 18 children 
who were given lactose contained sugars (lactose was 
present in six of them) and only three contained no sugar. 
In an 18-month-old girl a trace of lactose was found in 
the 15-, 30- and 60-minute blood samples, but not in 
the fasting and two-hour samples. No lactose was found 
in the urine of this child. In 16 urines, collected from 
22 children who were given sucrose, fructese was identi- 
fied in eight, five of which also contained sucrose. The 
remaining eight urines contained no sugar. 

Sucrose and fructose were found together in the blood 
of four children. These were different children from the 
five who excreted this combination of sugars in the urine, 
although two of these five children showed fructose 
alone in the blood. Glucose was naturally also present 
in all the blood samples chromatographed. Maltose 
was not found in the blood or urine of any of the seven 
A trace of glucose 
was present in one of the seven urines, the others con- 
tained no sugar. 

The concentrations of the sugars found in the urine 
were all between 50 and 100 mg./100 mi. except for a 
5-month-old baby who excreted approximately 120 mg. 
of lactose per 100 ml. The sucrose and/or fructose 


TABLE 5 


SUGARS IN BLOOD AND URINE AFTER FEEDING 
LACTOSE, SUCROSE OR MALTOSE TO 4? CHILDREN 


ENOAT OAERTN 


Sugar Administered 











| Lactose Sucrose Maltose 
No. of patients .. oes is ; 22 7 

tpe? Urines:* | ; l 
No. examined .. sul 15 16 7 
Glucose A el f i j 
Galactose a wits ii 0 0 
Lactose .. pi pat ë 0 ü 
Fructose ate eed 6 8 0 
Sucrose .. = ie 0 5 0 
No sugar a ial 3 8 6 

Blood: : 

- Glucose T we 18 22 7 
(Galactose à EE i} 0 ü 
Lactose.. A T: i 0 0 
Fructose ia sal G & 0 
Sucrose .. 4 aoa G 4 ü 


; : : 
+ Figures indicate number of sugars found in thearines, i.e. several 
urines contained more than one sugar. 
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T TABLE 6 


AGES OF 40 CHILDREN GIVEN LACTOSE AND SUCROSE IN RELATION TO SUGARS 
FOUND IN BLOOD AND URINE 











: { 
Sugar No. of Sugar No Sugar = No Urine Sugar* i No Sugar* 
Fed Age | Cases Excreted Excreted Collected in Blood in Blood 
5-11 mths 5 : 2 i i 3 i 0 5 
Lactose i~3 yrs i 6 4 H ; j 1 5 
z | 4-8 yrs 3 j 2 i … 0 I 
s | >g yrs | 4 | 4 0 ea 0 4 
T | Sll mths | 4 , 3 0 ' | 3 
o. Sucrose | 1~3 yrs | 10 i 3 | 4 3 4 , 6 
E Bono 4 | : | | l } 3 
i 4 | 0 3 i 0 4 
i ‘ 


>B yrs ; 





1% aa * Other than glucose. 







-identified in the blood of six children were only present 
in ‘trace’ armounts which corresponded to concentrations 
oof about 20 mz./100 ml. 

= Table 6 saows the ages of the 40 children who were 
given lactose-and sucrose in relation to the sugars found 
Cin the urinesand blood. The older children who were 
given lactose excreted sugars to the same degree as the 
younger and no relation between age and sugar excretion 
was demonstrated. No sugar, however, was found in 
the three uriaes obtained from the four children over the 
age of & years who were given sucrose, and no fructose or 
sucrose was found in their blood. The five children 
who excreted sucrose were all under 3 years of age. 
Sucrose and fructose were found in the blood of an 
8-year-cld boy, but unfortunately no urine specimen 
was obtainec from this child, 

Table 7 ard Fig. 1 show the mean blood sugar levels 
following feeding the three sugars. On 18 occasions 
blood sugar levels were obtained 15 minutes after the 
test feed as shown in column 6 of Table 7 and by the 
“Separate poirts in Fig. 1. The 15-minute levels following 
-the adminiswation of lactose were higher than the 
: 30-minute lewels, but for the other two sugars the ‘peak’ 
-was at 30 minutes. The differences between the 30- 
“minute Jevels. following the administration of sucrose 
mg; LG ml) and lactose (116 mg./100 ml.) are 
E cally significant (p = <<0-01). The differences 
| between the 20-minute levels of the sucrose and maltose 
curves, the maltose and lactose curves, and the levels at 
other time mtervals are not statistically significant. 
Five- and ®-minute blood sugar levels were also 
: obtained in “our subjects following the administration 
of lactose Ad in four following sucrose. The mean 































TABLE 7 


E: N BLOODSUGAR LEVELS (mg./100 mi.) OF 47 CHILDREN 
VEN i JSE, SUC ROSE. AND MALTOSE BY MOUTH 





Time after sen sina (min.) 


$ aruanmimanannme iee; neem memenne "aat ieem eee fewwnennnenmmaawe È nw enumenaensaner È ananipa iata 


30. 60 120 


-Sugar 
Fed 


ET (9) 


‘tthe perc hetnbwttaimnmnen? vow 


7s | 401 (4) 1084) | 





Lactose I 16. 109 | 80 
Sucrose 77 103 do 113 (4) 1196): 143 103. | 88 
Maltose 74 one 129 B 138 H7, gO 


Numibers in pareathesis indicate the number of children upon whom 
$- 10- and US-monute estimations were obtained. 


150 


140 


130 


120 


itO 


100 


90 


BLOOD SUGAR (mg./100mi.) 


80 





70 
120 


0 i5 30 60 
TIME IN MINUTES 


Fig. t.—Mean blood sugar levels following the oral ingestion of 
lactose, sucrose and maltose (fastings 15-, 30-, 60- and 120-minute 


levels). 
O —ỌO mean levels after lactose, all cases (18) 
K ae ese x mean levels after sucrose, all cases (22) 
e-----@ meen levels after maltose, all cases (7) 


levels are shown in columns 4 and 5 of Table 7 and the 
mean blood sugar levels of these eight children are 
expressed in Fig. 2 

Table 8 shows the approximate amounts of galactose 
and lactose excreted over an eight-hour period by the 
five young children who were given lactose by mouth. 
It can be seen that the total amounts excreted were very 
small, 120 mg. of lactose in the urine of Case 3 being 
the largest amount found. 


Discussion 
The results obtained in Part I confirm the earlier 
findings that sugars are frequently excreted in the 
urine of newborn babies (Haworth and McCredie, 
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TABLE & Pa 


TOTAL AMOUNTS OF SUGAR EXCRETED OVER EIGHT HOURS BY FIVE CHILDREN 
FOLLOWING DOSE OF LACTOSE BY MOUTH 









Sex Ib. OZ, 


Lactose {g.} 


| 

eT ae ee 
18 | 4i 

t 

t 


Total Sugar Excreted 
Volume of (mg.) 
Urine (ml) 


Dose of 






iietra ranna enn oina Avan AiR iaie 


Lactose | Galactose 


ne 











BLOOD SUGAR (mg./i00mi.) 





70 


# 1 eas 
ô i5 3 s0 
TIME IN MINUTES 


Fic. 2.—-Mean blood sugar levels following the oral ingestion of 
lactose and sucrose (fastings 5-, 10-, 15-, 30-, 60- and 120-minute 


levels). 
O-O mean levels after lactose (4 cases) 
Komma x mean levels after sucrose (4 cases} 


1956; Haworth and MacDonald, 1957). Part H 
shows that older children also frequently excrete 
sugars after the ingestion. of sugars by mouth. 
With the exception of the pentoses which were 
found in two newborn urines, there can be little 
doubt that the urinary sugars originated from the 
gut because there was such a close association 
between the sugar ingested and that subsequently 
found in the urine. In Part I more urines contained 
sugars after the sugar feed (Table 2) than those 
collected before the feed (Table 1). It seems likely 
that the galactose, glucose and lactose found in 13 
of these 49 ‘a.c.’ urines were derived from. the milk 
feeds these babies had received three to four hours 
before the tests were performed. Tables 2 and 5 
show that the sugar fed to the babies in Part I 
and the older children in Part H had a considerable 


influence on the type of sugar excreted in the urine. 
Sucrose was never found unless sucrose had been 
fed and galactose was never found unless lactose had 
been fed. In Part I lactose was found in the urine 
of two babies who had received maltose, but. it is 
again likely that this was the result of preceding 
milk feeds. Fructose was found on one occasion 
after a lactose feed, but this baby’s previous feed 
had contained sucrose. 

That some lactose may escape hydrolysis in the 
gut and subsequently appear in the urine has been 
known for many years (Folin and Berglund, 1922: 
Winter, 1931; Koehler, Rapp and Hill, 1935). 
The investigations reported here show that. it is a 
very frequent occurrence in babies and children. 
Although as much as 200 mg. of lactose per 100 ml. 
was found in the urine of some babies, Table 8- 
indicates that the amount of lactose excreted in the 
urine during an eight-hour period was. only a very 
small fraction of the total dose given to these five 
babies, 

Galactose, which together with glucose, is released 
by the hydrolysis of lactose is thought to be trans- 
ported to the liver where it enters the ‘glucose pool’. 
If the load of galactose entering the liver by the portal 
vein is too great for that organ to metabolize, some 
of the sugar will escape into the systemic circulation 
and because there is no renal threshold for galactose _ 
(Hartmann, McCoy, Swarm and Nakasato, 1954), 
it will be excreted. Rowe (1924) found that 30 g. 
was the maximum dose of galactose that could be 
ingested by adults without. galactose appearing in 
the urine. Folin and: Berglund (1922) found that 
the ingestion of only 10 g. could cause sugar to be 
excreted. Shay, Schloss and Bell (1931), on the 
other hand, found no correlation between the age, 
weight or dose given to their subjects and the sub- 
sequent amount of galactose excreted in the urine. 
No relation between the dose of sugar given and the 
urinary excretion of sugar could be demonstrated 
in the tests on the babies in. Part I (Table 3). 

Sucrosuria following the oral ingestion of sucrose 
has been recognized by other workers (Murschhauser, 
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4921; Elmer, Krasowska and Ptaszek, 1939; 
= Lahdensuu, 1947). A dose of sucrose 2 g. per kg. 
¿c body weight was considered by some to be the 
upper limit of tolerance. Again, no relation 
< between the dose given and sugar excretion was 
-demonstrated in the observations reported here. 
< Several babies who were given more than 2 g. 
- Sucrose per Ib. body weight (Table 3) and several 
-older childten who received 1 g. per Ib. did not 
-Show sucrosuria. Any sucrose escaping hydrolysis 
in the gut is evidently treated after absorption as 
a foreign sebstance and excreted (Keith, Wakefield 
- and Power, 1932; Keith and Power, 1937). Sucrose 
< was identifed in five of 14 urines collected from 





-newborn babies and in five of 16 urines from older: 


children who had received this sugar (Tables 2 
and 5). Taree of the babies excreted the sugar 
in a concemration greater than 200 mg. per 100 ml. 
(Table 4). Sucrosuria of such a degree, occurring 
in approxiraately a third of these children after 
sucrose feeding, raises doubts as to the significance 
of the findiags of sucrosuria in the cases reported 
by Reiner and Weiner (1939), Owen and Lewis 
(1956), and the syndrome of hiatus hernia, mental 
defect and sucrosuria described by Moncrieff and 
Wilkinson (1954) and Woodruff ( 1958). Certainly 
the degree cf sucrosuria exhibited by the children 
which these authors recorded was no more than that 
shown by the normal children reported here. Perry, 
Lippman, Walker and Shaw (1959), who recently 
reported findings very similar to mine, came to 
the same csnclusion. Moncrieff and Wilkinson 
(1954) statec that when sucrose and lactose were 
given together in the diet of their patients, other 
Sugars were excreted more easily in the urine. | 
have no additional observations to make about this 
‘statement exeept to emphasize that normal children 
apparently excrete sugars so frequently after su gar- 
containing feedings. 

It is noteworthy that maltose was never found in 
either blood er urine following maltose feeds. This 
is in. sharp contrast to the frequency with which the 
other disaccrarides, lactose and sucrose, were 
found in the urine after feedings with these sugars. 
I have no satisfactory explanation to offer. It is 
possible that. the maltase secreted by the small 
bowel may se more efficient than sucrase and 
lactase, resuking in complete hydrolysis of the 
maltose into its component glucose molecules. 
Alternatively it has been suggested that blood may 
contain some maltase (Long, 1947) so that any of 
the sugar which escapes hydrolysis in the gut may 
be split after absorption. It is hoped to conduct 
further observations upon this subject. 

In view of the frequent finding of sucrose, fructose, 


pi 
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lactose and galactose in the urines after sugar feeds 
it is surprising that sugars were not demonstrated 
more often in the blood. In fact, galactose was not 
observed in any of the blood samples obtained from 
18 babies and 18 older children who were given 
lactose feeds and lactose was only found on one 
occasion. Sucrose was not found in the blood of 
any of the newborn babies who were given this 
sugar, although sucrosuria occurred in five (Table 2), 
Of 22 older children who were given sucrose, 
sucrose and fructose were found in the blood of 
four. Unfortunately urines were not collected from 
two of these four children, but in the urines of the 
other two, no sugar was found in one and fructose 
in the other. Of five children showing sucrosuria 
and fructosuria, fructose was found in the blood of 
two and no sugar other than glucose in the other 
three. It would be expected that an ingested sugar 
which has escaped metabolism in the body and been 
excreted in the urine would be demonstrable in the 
systemic blood. Conversely, sugar appearing in 
the peripheral blood should be found in the urine 
if the sugar is a ‘non-threshold’ substance which 
lactose, galactose and sucrose presumably are. 
The most likely cause for the discrepancy in the 
blood and urinary findings is that the chromato- 
graphic technique used was not sufficiently sensitive 
to demonstrate low concentrations of sugars in the 
blood. However, any galactose in the blood of 
those children who were given lactose feedings must 
have been present in concentrations lower than about 
10 mg. per 100 ml. or it would have been detected. 
This is supported by the finding that only very small 
amounts of galactose were excreted over an eight- 
hour period by the five children upon whom quan- 
titative estimations were performed (Table 8). 
It may be calculated that the blood levels would be 
less than | mg. per 100 ml. to give rise to this amount 
of galactose in the urine, assuming that galactose 
is a ‘non-threshold’ substance, even allowing for the 
lower renal clearance in infancy (Rubin, Bruck and 
Rapoport, 1949). This is in conflict with the 
conclusions of Hartmann, Grunwaldt and James 
(1953) who stated that galactose formed up to 
40% of the total blood sugar in infants after milk 
feedings. Dormandy, Leak and Grant ( 1959) 
reached similar conclusions to those of Hartmann 
et al. (1953), although employing different analytical 
methods. It should be pointed out, however, that 
these two groups of workers only concluded that 
the bloods they examined contained large amounts 
of galactose because of the difference between the 
total sugar and the glucose. Further information 
has recently been obtained bearing on this subject 
(Haworth and Ford, 1960). 
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There appeared to be little correlation between 
the ages of the children, the dose of sugar fed to 
them and the subsequent frequency of sugar 
excretion or the concentration of the sugar in the 
urine. The urines from the older children, however, 
with one exception, contained less than 100 mg. per 
100 ml. of sugar, while higher concentrations were 
more commonly found in the urines of the newborn 
babies (Table 4). This may have been because 
the latter babies received, on the whole, relatively 
higher doses of sugars than the older children, 
although Table 3 shows that the dose of sugar 
administered to the newborn babies appeared to 
bear no relation to sugar excretion. Sucrose was 
not found in any of the six urine samples obtained 
from children over 3 years of age, but little con- 
clusion can be drawn from this especially since 
fructose and sucrose were found in the blood of an 
8-year-old boy from whom, unfortunately, no urine 
was obtained. 

Table 1 shows no significant difference in the 
sugar content of the urines from mature and pre- 
mature babies before the test feed and Table 2 
shows that premature babies excreted sugars to no 
greater degree than the mature babies after the 
sugar feed, and this in spite of the fact that on 
the whole they received higher doses of sugars. 
This is not in accord with previous findings that 
premature babies excreted sugars more often than 
mature babies (Haworth and MacDonald, 1957). 
Bickel (1959) also found more sugars in the urine 
of premature babies especially during the first 
10 days of life. In retrospect there may be a valid 
explanation for the difference in sugar excretion 
rate between mature and premature babies pre- 
viously found. The mature babies studied by 
Haworth and McCredie (1956) were fed by ‘demand’, 
and the premature babies (Haworth and MacDonald, 
1957) were fed three hourly. Both groups were fed 
with breast milk, but it seems likely that the bigger 
babies may have ‘demanded’ feeds less often than 
three hourly and unfortunately no record of the 
times of the feeds of these babies was kept. Since 
the urinary sugar content has been shown to be 
closely related to sugar. ingestion, if premature 
babies were fed more often than the mature, this 
would account for the greater number of urines 
containing sugar from these babies; the times of 
urine collection were not correlated with times of 
feeding. 

Concerning the glycaemic response to the oral 
administration of lactose, sucrose and maltose in 
Part II (Table 7), several features are worthy of 
comment. Earlier workers had found that lactose 
ingestion caused only minimal elevation of the 
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blood sugar (Field, 1919; Folin and Berglund, 19225- 
Koehler et al., 1935), but these authors: were handi- 
capped by inaccurate analytical methods. Green- 
wald and Pennell (1930) observed that bleod sugar 
curves in infants following the administration of 
lactose and sucrose closely paralleled that following 
glucose administration, but the curve following 
dextri-maltose was lower and more prolonged. 
The curves shown in Fig. | are very different from 
those shown by Greenwald and Pennell and reveal 
a rapid rise in blood sugar after the administration 
of the three sugars. In the case of lactose a ‘peak’ 
value 15 minutes after administration of the sugar 
is shown. Following sucrose and maltose the 
‘peak’ was at 30 minutes. The shape of a blood 
sugar curve is to some extent dependent upon the 
frequency of the blood sugar estimations. and it is 
very possible that the true ‘peaks’ of the sucrose 
and maltose curves might have been shown to have 
been between 15 and 30 minutes if more frequent 
blood samples had been obtained. Dodds, Fair- 
weather, Miller and Rose (1959) recently commented 
upon this feature and showed that the standard 
method of performing a glucose tolerance test, in 
which samples of blood taken fasting and at 30, 60, 
90 and 120 minutes, may sometimes show an 
abnormally flat curve when in fact a more normal 
type of response is demonstrated if additional 
samples of blood are taken between 15 and 30 
minutes. Table 7 and Fig. 2 show that the blood 
sugar level had risen by 30%, in as short a time as 
five minutes after the ingestion of sucrose and 
lactose by each group of four children. Rabinowitch 
(1945), Rabinowitch and Mountford (1947) and 
Dodds et al. (1959) have also demonstrated the 
rapid rise in blood sugar following sucrose adminis- 
tration and it has now been shown that an equally 
rapid rise of blood sugar occurs after lactose m- 
gestion. Since sugars are not absorbed to any 
appreciable degree from the stomach (Long, 1947) 
and there is no evidence that disaccharides can be 
hydrolysed proximal to the small bowel, it is indeed 
remarkable how rapidly sucrose and lactose pass 
into the small intestine, are hydrolysed, absorbed 
and reach the systemic circulation. Unfortunately, 
no five- and 10-minute blood samples were obtained 
following maltose, although 15-minute blood sugar 
levels following the administration of this sugar 
were comparable to those following sucrose and 
lactose. 

The only statistically significant difference between 
the three curves shown in Fig. | is that the mean 
30-minute blood sugar levels following sucrose 
administration were greater than those following 
lactose. This difference was common to all age 
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«groups studied. There are two possible explana- 
> tions for tais difference: 
© L It night be argued that because galactose 
stimulates the release of insulin and fructose 
does not (Foa, Galansino, Costa and Pozza, 
1956), the galactose released into the blood 
after hydrolysis of lactose had a depressant 
acten upon the blood glucose. This is a 
recegnized phenomenon in congenital galac- 
toszemia in which condition high blood 
levels of galactose occur (Isselbacher, 1959). 
However, it has been shown that although 
some galactose must reach the systemic 
bloed because of the frequent observance of 
galeetosuria after lactose ingestion, the 
ameunts were undetectable by the chromato- 
graphic method used. It is difficult to 
imagine that these small amounts of galac- 
tose, which must be less than 10 mg. per 
100 ml. would exert an appreciable hypo- 
glycaemic effect. 

2. The method of King (1951) used for measur- 
ing total blood sugar is a ‘true sugar’ 
metaod but not a ‘true glucose’ method. 
Fruetose was observed by paper chromato- 
graphy in six of the 22 30-minute blood 
samles obtained from those children who 
ingested sucrose. Smaller amounts might 
have been present in more. Sucrose is not 
a reéucing sugar and is not estimated by the 
King method. The ‘sucrose curve’ would 
therefore, be a measure of glucose and some 
fructose and the ‘lactose curve’ of glucose 
alons, since, as already stated, no other 
suga” was detected by chromatography in 
these blood samples. This seems the most 
reasenable explanation for the difference of 
the 30-minute blood levels in the two 
curves, although it does not explain why the 
‘sucrase curve’ was not higher than the 
‘lactese curve’ at other time intervals. In 
fact, the mean 15-minute blood sugar level 
of the latter curve was higher than the former 
ailthcugh the difference is not statistically 
signiacant. This question could only be 
solved by repeating the experiments using 
the gucose oxidase method so that it would 
be kaown that only glucose and no other 
sugar was estimated. 

It must mentioned that these blood sugar 
curves shoud not be accepted without certain 
reservations. The subjects were not normal children; 
they were hospital patients and, although they were 
not suffering from any generalized acute illness at 
the time of tie test, their glycaemic response to the 
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sugars may not have been normal. It has been 
shown that the glucose tolerance test is abnormal! 
in the presence of infection, even skin infection 
(Schmidt, Eastland and Burns, 1934). However, 
it is doubtful whether this factor would have caused 
the observed difference between the sucrose and 
lactose curves because the two groups of children 
who received these sugars were fairly evenly matched 
as far as their original illnesses were concerned. 
It is also known that the preceding carbohydrate 
diet has a great effect upon the glucose tolerance 
test (Himsworth, 1935). The subjects were not 
taking a controlled diet before the tests were per- 
formed. They were, however, all eating the standard 
hospital diet well and it is likely that their preceding 
carbohydrate intake was fairly uniform. 


Summary 

Forty-seven newborn babies and 47 older children 
were fed with the disaccharides lactose, sucrose or 
maltose. Subsequent urine collection showed a high 
sugar excretion rate. 

The source of urinary hexoses and disaccharides 
is undoubtedly the gut, because a sugar was not 
found in the urine unless a feed containing that 
sugar, either free or in combination, had recently 
been fed. Small amounts of the disaccharides, 
lactose and sucrose, escape hydrolysis in the gut, 
are absorbed unchanged and subsequently excreted 
in the urine. 

Although earlier work had suggested that pre- 
mature babies excreted sugars to a greater degree 
than mature babies, this was not confirmed in the 
present series of observations. The degree of sugar 
excretion did not apparently depend on the maturity 
or age of the child or the dose of the sugar adminis- 
tered by mouth. 

The finding of sucrosuria in one-third of the 
children who were given sucrose by mouth makes 
it unlikely that the sucrosuria that has been des- 
cribed in association with mental deficiency is 
anything more than a coincidence. 

Sucrose and/or fructose were found in the blood 
of six children following a feed of sucrose, but these 
were not the same children who excreted this 
combination of sugars in the urine. Lactose was 
found in the blood of one child following a lactose 
feed, but galactose was not demonstrated on any 
occasion. This discrepancy between blood and 
urinary findings was almost certainly due to technical 
reasons. 

Maltose was not found in the blood or urine 
following feedings of this sugar. The reasons why 
this disaccharide should behave differently from 
lactose and sucrose have been discussed. 
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'DRENAL CORTICAL HYPOPLASIA IN SIBLINGS 


J. F. BOYD and A. M. MacDONALD 
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(RECEIVED FOR PUBLICATION MARCH 3], 


‘There Fave been two reports recently of adreno- 
tical insufficiency in infant siblings. Mitchell 
-and Rharey (1959) reported it in two brothers, the 
fies first dying at 53 days and showing hypoplasia of the 
= adrenal giands as the only apparent cause of death. 
i. The brother was born three years later, and exhibited 
: a similar glinical picture of vomiting, wasting and 
Sehydratien shortly after birth. Biochemical studies 
were attempted but it became necessary to treat 
the child with adreno-cortical hormones and with 
sodium caloride added to his feeds. The child 
has remained alive to date, and it is assumed that 
he also suffers from adreno-cortical hypoplasia. 
Shepard, Landing and Mason (1959) reported 
adreno-cortical deficiency in two sisters. The first 
was well until 10 months and then developed a 
typical clnical picture. .She died at 30 months 
and autossy showed very small adrenal glands. 
There was no evidence of tuberculosis. The sister 
of this case, one of non-identical twins, developed 








< symptoms: after her first birthday: the other twin 


na healthy After investigation, cortisone therapy 


was started and has had to be maintained, with 


“much imorovement. Neither sister exhibited a 
craving for salt and therefore the cortical deficiency 


sa. selective. This condition need not necessarily 


< manifest self early in childhood. The first case 
of Briggs, Goodwin and Wilson (1951), a boy of 
- 12 years, aad been fond of salt since infancy and 
< clinically showed well developed Addison’s disease. 
Radiographs showed calcification of mesenteric 
lymph noces, but none in the region of the adrenal 
< glands. ‘Freatment with ‘eucortone’ at first, and 
-Tater with D.C.A. pellet implants, and with sodium 
_ chloride orally, has been effective, and he was well 
-at the time when the article was published. This 
a boy’s brother, 17 years of age, developed a more 
acute illness with epigastric pain, vomiting, loss 
- of weight znd increased depth of skin pigmentation. 
. Treatment. was given as for an Addisonian crisis, 
but he died 72 hours after admission to hospital. 
© Necropsy -evealed small adrenal glands, and histo- 
logical examination showed atrophy of the cortex 











1960) 


of each. There was no evidence of tuberculosis. 
The thymus was large. Both parents were healthy 
and the authors suggested that a genetic factor may 
be involved as in thyrotoxicosis, diabetes mellitus 
and the Laurence-Moon-Bied!] syndrome. 

We report a further family showing adrenal 
hypoplasia. Both boys in this family died in the 
neonatal period and received minimal corrective 
treatment. Therefore, the histological appearances 
of their endocrine glands are unaffected by therapy. 


Case Reports 


In 1953, the mother became pregnant for the first 
time, but had a spontaneous. miscarriage at 43 months. 
The cases reported were the result of second and third 
pregnancies. 


Case 1. This male infant was born in hospital on 
May 4, 1955, as a spontaneous vertex delivery at full 
term after a normal pregnancy. The birth weight was 
7 Ib. 12 oz. (3-52 kg.). ‘Physiological’ jaundice appeared 
for a few days. Before dismissal, there had been occa- 
sional vomiting after breast feeding, but the condition 
subsided. The baby was well for his first four days at 
home, and then his condition deteriorated, and he was 
admitted to the Royal Hospital for Sick Children, 
Glasgow, on May 17, 1955. On that day his motions 
were green and very loose. 

He was dehydrated, with poor muscle tone, although 
he was 113% of his expected weight. Lumbar puncture 
gave a clear cerebrospinal fluid. Rectal swabs revealed 
no pathogenic organisms. Four days later his general 
condition was improved but he remained rather listless. 
On May 23, 1955, he collapsed suddenly with copious 
green vomitus. ‘Eucortone’ 0-5 ml. was given every 
four hours. Surgical opinion was sought, and at 
laparotomy a volvulus was found involving the caecum 
and ascending colon. This was reduced and an obstruc- 
ting band was divided. 140 ml. of quarter-strength 
normal saline with 5°4 glucose was given intravenously 
over the next six hours. Oral fluids were started four 
hours postoperatively and ‘eucortone’ was stopped on 
the fifth postoperative day. His condition improved 
over seven postoperative days, but on the eighth day 
(June 1, 1955) he went off his feeds once more, became 
marasmic and he died on June 2, 1955, at 4 weeks of age. 

At necropsy the child weighed 5 Ib. 10 oz. (2:55 kg.). 
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28 Day 
Control 


CD 





Case | 





Anencephalic 
Adrenal Gland 


Fic. 1.—Specimens of adrenal glands of Cases 1 and 2 compared 
with normal controls for these ages and with an anencephalic adrenal 
gland. (x 5/3.) 


The abdominal surgical wound was healthy. The 
alimentary tract, liver (120 g.), pancreas and spleen 
(6 g.) were normal. The respiratory passages contained 
terminal bile-stained inhaled vomitus and the lungs 
showed mild patchy collapse. The heart (17 g.), great 
vessels, genito-urinary and central nervous systems were 
normal. The ductus arteriosus was widely patent. 
Both adrenal glands were exceedingly small (Fig. 1) and 
together they weighed 0-65 g. No accessory adrenal 
tissue was found in the para-aortic area, pelvis or in 
relation to the testes which were fully descended. 

The histological features will be considered later. 


Case 2. In 1958 the mother became pregnant for 
the third time and suffered from no infection during this 
period; neither were radiographs taken. The child, 
a male, was born at home on October 7, 1958, and 
weighed 8 lb. (3:63 kg.). Progress was steady for a 
week, but on October 15, 1958, he vomited his feeds. 
On October 16 he refused his feeds and was cold, listless 
and grey. He continued to vomit and was admitted 
during the night to the Royal Hospital for Sick Children, 
Glasgow. His parents gave the history of a child who had 
died three years previously ‘as a result of a twisted bowel’. 
Unfortunately, they were unaware of the additional 
condition found at necropsy, and in view of the urgency 
of treatment because of this present child’s moribund 
condition, the clinicians involved did not consult the 
previous child’s case records until later. In retrospect, 
this was perhaps unfortunate. 

Examination, the child being 9 days old, showed him 
to be 95% of his expected weight, listless, grey, dehydrated 
and with a subnormal temperature. Lumbar puncture 
revealed a clear cerebrospinal fluid and the W.B.C. 
count was 10,800/c.mm. Blood was taken for culture, 
but only a contaminant grew. On the assumption that 
the child had an overwhelming infection, an intravenous 
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infusion of quarter-strength normal saline with 5% % 


glucose was set up. 100 mg. of hydrocortisone were 
placed in the contents of the first bottle. In addition, 
intramuscular hydrocortisone injections of 25 mg., and 
intramuscular tetracycline 25 mg. were given every 
six hours. The child died eight hours after admission. 

At necropsy the child weighed 7 1b. 3 oz. (3°26 kg.). 
There was no abnormality of the respiratory passages, 
lungs, heart (29 g.), great vessels, the alimentary tract, 
liver (150 g.), pancreas, spleen (6 g.), the genito-urinary 
er central nervous systems. The only abnormality 
was the presence of unusually small adrenal glands. 
Together they weighed 0-9 g. (Fig. 1), and no adrenal 
tissue was found at any other site. 

There was no family history of adrenal cortical hypo- 
function either in the grandparents, the parents or in 
their sibs. 


Histological Features. The histological details of the 
two cases are similar and are considered together. 


ADRENAL GLANDS. Sudanophilic material is present 
in the zona reticularis of the adult cortex and in individual 
cells of the almost completely involuted foetal zone 
(Fig. 2). The features are the same in both cases, and 
are accompanied by cytomegaly in the foetal zone. The 
columns of the zona fasciculata are not normal for a 
resting gland (Fig. 3). Fig. 4 shows that there is barely 
any zona glomerulosa, and the cells of the zona fascicu- 
lata show much variability in size, and in nuclear and 
cytoplasmic staining properties. There is no evidence of 
the more insidious cytolytic necrosis seen in adult cases 
of Addison’s disease (Crooke and Russell, 1935). 

Professor T. Symington, Department of Pathology, 
Royal Infirmary, Glasgow, has examined one gland from 
each case by histological and by histochemical methods, 
and reports that both glands have been very active, 
and that he is unable to find any abnormality of function 
by these investigations. 

Normal medullary tissue is present, but it is difficult 
to assess whether or not this is present in normal amount. 


THE PITUITARY GLAND. The glands were normally 
situated in both cases. Gomori’s aldehyde-fuchsin 
method (Gomori, 1950) shows that basophil cells are 
present in increased numbers in both glands (Fig. 5). 
This finding has been confirmed by Lieb’s phospho- 
tungstic acid haematoxylin (Lieb, 1948), and modified 
trichrome and P.A.S. methods. Normally, basophils 
are present singly or in clumps of two or three cells. 
Fig. 5 shows marked hyperplasia in both cases, and, if 
anything, a tendency to become nodular in Case 1, 
which survived the longer. 

Thus, adrenal hypoplasia is the primary defect and 
not the result of pituitary hypofunction in both of these 
children. Conclusive evidence is obtained from histo- 
logical study of the other endocrine organs. 


THE THYROID GLAND. The thyroid gland in Case 2, 
who lived for 10 days, shows no abnormality (Fig. 6b). 
The gland of Case 1 who lived for four weeks, shows 
collapsed acini devoid of colloid (Fig. 6a), an appearance 
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FIG. 2b. 


Fic. 2.—Low pəwer view of adrenal glands of Case 1, (a), and of Case 2, (b), stained with Sudan HI and IV. The difference in quality of 


FIG. 2a. 


(x 60.) 


the two photographs is due to the gland of Case 1 being embedded in gelatin. 





Fic, 3b. 


Fic. 3.—Low power view of adrenal cortex of Case 1, (a), and of Case 2, (b), showing disorganization of cortical structure. 


Fic. 3a, 


(Masson’s trichrome x 100.) 
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FIG. 4a. FIG, 4b. 


Fic. 4.—High power view of adrenal cortex of Case 1, (a), and of Case 2, (b), showing poor zona glomerulosa and moderate pleomorphism of 
cells of zona fasciculata. (Masson’s trichrome Xx 413.) 





FIG. 5a. Fic. Sb. 
Fic. 5.—Pituitary gland of Case 1, (a), and of Case 2, (b). The basophil cells are dark. (Gomori’s aldehydefuchsin x 100.) 
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Fic, 6a, FIG, 6b. 


Fic. 6.—Thyroic gland of Case 1, (a), and of Case 2, (b). The gland of Case 1 shows a thyrotrophic hormone-like effect. (Haematoxylin 
and Eosin x 100.) 





FIG, 7a. FIG. 7b. 


Fic, 7.—Parachyroid gland of Case 1, (a), and of Case 2, (b). The gland of Case 1 shows some upset which is difficult to interpret. 
(Haematoxylin and Eosin x 100.) 
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Fic, 8a. Fic, 8b. 


Fic. 8.—Pancreas of Case 1, (a), and of Case 2, (b). Both are normal. (Haematoxylin and Eosin = 100.) 





Fic. 9b. 


Fic. 9.—Testis of Case 1, (a), and of Case 2, (b). The gland of Case | shows tubular atrophy with reduced spermatogenic activity. There 
is no detectable abnormality of the interstitial cells in either case. (Haematoxylin and Eosin x 100.) 


Fic. 9a. 


_. In another group, however, 
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XZ which may zesult from over-production of thyrotrophic 
< hormone (Sclare, 1956). 


In neither case do the 
The gland 


THE PaRaTHYROID GLANDS. 
glands appear to be unusually large or small. 


l of the shorter lived infant (Case 2) shows no histological 


abnormality (Fig. 7b). The gland of Case 1, however, 
shows an imcreased number of smaller cells with more 
-hyperchronzatic (or pyknotic) nuclei (Fig. 7a). We find 
it impossible to conclude from this whether the gland is 
undergoing atrophy or hyperplasia. In favour of 
atrophy is the apparent increase in condensation of 
blood vesseis per field. On the other hand, Greene 
(1948) cites. experimental evidence in favour of a para- 
_thyrotrophic hormone. Study of a section of rib from 
each case fails to demonstrate bone absorption, and a 
section of kidney from each case fails to show evidence 
of nephrocaicinosis by Von Kossa’s stain. It may be 
¿that neither infant lived long enough to exhibit these 
changes, 


THe ISLETS OF THE PANCREAS. Islet tissue appears 
to be present in normal amount (Fig. 8) and « and 8 
cells are present in both cases. 


THe Testis. The testis of Case 2 shows a normal 
degree of spermatogenesis (Fig. 9b). The testis of 
Case 1 shows a relative degree of atrophy of the semini- 
ferous tubuses (Fig. 9a) with markedly reduced spermato- 
genic activicy, although artefact is present as a result of 
unsatisfactery fixation. This finding is consistent with 
the records of testicular atrophy in pituitary basophilism 
in the adu. Interstitial cells appear to be present in 
normal nurabers in each case. 


THe Tuystus. This organ is generally considered to 
be an endocrine gland, although in hypofunction of the 
adrenal cor-ex it appears to behave in the same manner 
as lymphoid tissue elsewhere in the body (Crooke and 
Russell, 1925). In the present two cases, the weight of 
the thymus was at the upper end of the scale of normal 
limits, and must be assumed that the episode of adrenal 

hypofuncticn was too acute to allow time for the glands 
to show hyperplasia, regeneration or a reduced rate of 
involution. 





Discussion 


Hypoplesia of the adrenal glands is well known 
m associa ion with anencephaly (Angevine. 1938) 
and in association occasionally with other con- 
genital deormities of the central nervous system. 
adrenal hypoplasia 

abnormality (Šiki, 1948; Deamer and 
= 50; Geppert, Spencer and Richmond, 
“1950: "Prósenzano, 1950; Welsh and Mehlin, 1954: 
Wiliams gnd Robinson, 1956; Harlem and Myhre. 

“1957; and MacMahon, Wagner and Weiner, 1957), 
and some of these cases have responded well to 
hormone therapy (e.g. Case 1 of Williams and 
Robinson, 1956). Some authors emphasized that 
the survival of these children was precarious, with 
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sudden irrecoverable collapse if therapy were 
stopped even for a short period, and for this reason 
Mitchell and Rhaney (1959) felt that it was unjusti- 
fied to investigate their second case fully while 
denying the infant the chance of recovery with 
replacement therapy. The histological appearances 
of the adrenal cortex of the brothers reported here 
resemble very closely those of Case 1 of Mitchell 
and Rhaney (1959) even to the presence of cyto- 
megaly (Kampmeier, 1927; Beatty and Hawes, 1955), 
it should be stated that we are aware of endocrine 
gland involution during replacement therapy, but 
that we do not consider this process to be important 
in Our cases, nor in the similar cases reviewed by us, 
because the adrenal glands are hyperactive. We 
believe that their small size is a congenital anomaly. 
It is essential in such cases, however, to make a 
thorough study of the whole endocrine system. 

For example, Blizzard and Alberts (1956), 
Brewer (1957) and Ehrlich (1957) have described 
congenital aplasia or hypoplasia of the pituitary 
gland, and Mosier (1956) has recorded the condition, 
which is accompanied by hypoplasia of the adrenal 
glands, in siblings. 

Further, our study of the literature reveals several 
familial syndromes which involve adrenal gland 
hypofunction: (1) The syndrome of hypopara- 
thyroidism, adreno-cortical insufficiency and chronic 
monilasis brought to general notice by Sutphin, 
Albright and McCune (1943) and followed by 
several reports, all from America (Leonard, 1946; 
Collins-Williams, 1950; Leifer and Hollander, 
1953; Baker, 1954; Papadatos and Klein, 1954; 
Craig, Schiff and Boone, 1955; Whitaker, Landing, 
Esselborn and Williams, 1956; and DiGeorge and 
Paschkis, 1957); (2) the association of Addison’s 
disease with thyroid gland changes in some instances 
(Wells, 1930; Anderson, Goudie, Gray and Tim- 
bury, 1957), and the well-known familial tendency 
to hyperthyroidism (Martin and Fisher, 1945), or 
to hypothyroidism as in sporadic non-endemic 
goitrous cretinism (Hutchison and McGirr, 1956), 
make a study of the thyroid gland essential; (3) the 
coincidence of diabetes mellitus and Addison’s 
disease was described by Bloomfield (1939) and by 
McNicol and McNicol (1960) and since a 
familial tendency in diabetes is now well known, 
a familial tendency to both conditions simultaneously 
may be reported in the future; and (4) the syndrome 
of Addison’s disease in association with familial 
spastic paraplegia has been recorded recently by 
Harris-Jones and Nixon (1955). 

The existence of these conditions makes it 
necessary to examine not only these endocrine 
organs, but to examine the gonads histologically 
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in order to exclude the presence of ectopic adrenal 
tissue at this site, and also to examine the central 
nervous system, mainly to exclude a congenital 
abnormality of the fore-brain. We were unaware 
of the existence of the association between Adcison’s 
disease and familial spastic paraplegia and therefore 
a histological examination of the spinal cord was 
not made. 

The findings suggest that our cases exhibit primary 
adrenal gland hypoplasia with secondary pituitary 
‘ basophilism, although it is not possible to state 
categorically that the infants would not have 
developed later one or other of the syndromes 
referred to above, had they survived. 


Summary 


Congenital adrenal hypoplasia is recorded in two 
brothers who died in the neonatal period. 

Two previous examples of this condition in 
infants have been reported; one sibling has been 
maintained alive by replacement therapy 1n each. 

Histological study suggests that the present two 
cases suffered from primary adrenal gland hypo- 
plasia with secondary pituitary basophilism, the 
effects of which are demonstrable on the other 
endocrine glands. 


We are very grateful to Dr. J. H. Hutchison for per- 
mission to abstract the case records of these two cases, 
to Professor S. Graham for. advice; and to Professor T. 
Symington for studying an adrenal gland from each case. 
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POSTURAL TREATMENT OF CHILDREN WITH A 
PARTIAL THORACIC STOMACH (‘HIATUS HERNIA’) 
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F rom the Department of Child Health and Paediatrics, University of Birmingham and the Children’s Hospital, Birmingham 


(RECEIVED FOR PUBLICATION APRIL 4, 1960) 


Considerable debate centres round the best way 
of treating children affected with a small partial 
thoracic stamach (‘hiatus hernia’ or ‘short oeso- 
_ phagus’) uncomplicated by an oesophageal stricture. 
Two diame:rically opposed views exist. On the one 
hand there are those workers who subscribe to a 
conservative regimen of management. Others, in 
the belief chat the disorder is analogous to the 
hiatus herna of adults, advocate surgical procedures 
aimed primarily at replacing and retaining the 
stomach wholly within the abdomen. 

The folowing report records the long-term results 
achieved wath conservative postural methods of 
treatment. The value of such therapy has been 
assessed by comparing the progress of treated chil- 
dren with the expected outcome as deduced from the 
natural history of the disorder (Carré, 1959). The 
treatment o children with a partial thoracic stomach 
complicatec by an oesophageal stricture is not 
considered. 

| Method 


Definition of Abnormality. The following review 
is restricted to patients shown radiologically to have 
part of the stomach protruding through the oeso- 
phageal hiatus. In every instance the gastro- 
oesophagea junction has been situated within the 
thorax at the upper limit of the intrathoracic gastric 
toculus. Patients with only gastro-oesophageal 
incompetence have not been considered. 


‘Assessment of Clinical Progress. Clinical progress 
has been determined objectively. The same classi- 
fication of symptoms has been employed as used in 
the study ofthe natural history (Carré, 1959), namely: 


Frequene Vf vomiting and/or difficulty in swallowing 
- solid food was noted to occur daily or at least on 
_ alternate days in children taking a norma! diet for 

age. The routine use of a mashed diet occasioned 
by a caild’ s difficulty in swallowing solids has been 


E Pak Aie: The Deparment of Child Health: faiti of 
Clinical Science: Grosvenor Road, Belfast i2. 


interpreted as implying the existence of frequent 
symptoms despite the fact that the child on its 
mashed diet might have been having little or no 
vomiting or dysphagia. 

Moderate: If vomiting and/or difficulty in swallow- 
ing solid food was noted to occur on an average of 
less than three times weekly but at least monthly 
in a child taking a normal diet for age. 

Minimal: W vomiting and/or dysphagia were absent 
or occurred on average less than once a month in 
a child taking a normal diet for age. 


Type of Patient Considered. In the study of the 
natural history (Carré, 1959) it was concluded that 
untreated clinically affected patients could be divided 
into the following TEIANEI distinct clinical groups: 





‘Change i a Symp- a me 
tomatology on 3 i ected 
Weaning to | Prognosis | Patients 
Mixed Diet | » Ue) 
3 No symptoms “Benign course. Major- 60-65 
| orimproved |: ity- free of symptoms 
| by 2 years: 


H 
i 


| 
Group | 


Survivors 30 
Ho | No improve- 


ment or worse | 


| (a) Prolonged clinical | 
i course with ‘moder- 

ate’ or ‘frequent’ 

vomiting and / or 
dysphagia common- 
ly persisting to at 
least 4 years of age; 
/ ho oesophageal 
stricture; 

) Symptomatology 
and progress depen- 
dent on presence | 5 

of an oesophageal | 
stricture : 


AX 
uA 


{ j 
: In the absence of an | 

: oesophageal stricture | 
death likely to occur | 
during infancy from ; 
combination of | 
Marasmus, bio- | 
chemical distur- | 
bances and infection | 


Deaths 





Because of the naturally occurring variation in 
clinical progress exhibited by individual patients, 
consideration of results has been restricted to the 
following two groups of patients whose progress 
in the absence of treatment could be forecast reliably. 
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Group A. All patients in whom a partial logically confirmed by 3: 
thoracic stomach had been radiologically confirmed routinely by -posturi 
by 3 months of age were included. Since clinically none n se pat 
affected children progress. in a similar manner 
during the. early weeks of life irrespective of the 
eventual outcome (Carré, . 1957), it is apparent that 
all clinical types would be correctly represented in 
such a group. Thus, in the absence of beneficial 
treatment about one-third of these patients would be 
likely to pursue a protracted clinical course (Groups | 
Ila and b of Natural History Study: Carré, 1959). 


i nonths of age were treated “ 
ie: time of diagnosis; 
| any form of surgical | 
years... In view of the 
| ` group therefore 
nselected series o 






























Group B. This group. comprised patients who oi 
were between 6 months and 2 years of age when gy 
started on postural treatment and who were not 4, 
improved clinically when. weaned on to a solid diet; n 
no patient had a proven. oesophageal stricture when ee 
first seen. (Group If patients of Natural History ~~ 
Study: Carré, 1959.) In the absence of beneficial 
therapy almost all these children could therefore 
expect to suffer from troublesome symptoms until 
at least 4 years of age with about one in six deve- 
loping an oesophageal stricture. 


Group A Patients 


During the period of study all infant patients 
whose partial thoracic stomach had been radio- 
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Fic. l.—At 10 weeks this infant weighed only 10 oz. more than bis birth weight. The patient was Ia by propping with one pillow and 
raising the head of the cot on 10-in. blacks. No significant improvement was noted over a period of three weeks. Subsequent to nursing 


in an erect posture vomiting ceased and a rapid gain in weight was recorded. This patient was 74 years old when last seen. There had 
been no recurrence of vomiting. 
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Ea N l TABLE | 
PROGRESS OF 34 pics STARTED ON ‘ADEQUATE’ POSTURAL TREATMENT BEFORE 3 MONTHS OF AGE 
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ms Only wwo vomits per year from 2 years, but food finely cut up because of dysphagia. 


+ Develeped an oesophageal stricture; surgical repair of ‘hiatus hernia’ when 6 years old. 


_ Abbreviztions: d = days w = weeks m = months y 


without the use of some form of chair or supportive 
harness onky those infants have been included who 
were kept propped up by means of some such 
appliance.* (b) Posturing was maintained con- 
tinuously cay and night up to the age of I year, 
or if symptoms had subsided before, until a mini- 
mum of six weeks complete freedom of symptoms 
had been recorded. 


‘Treatmert Given in Addition to Posture. The 
“routine pobcy throughout was first to try the effect 
-of posture without altering the feeding regimen in 
‘anyway. f progress was considered unsatisfactory 
postural treatment was augmented by thickening 





. * Enitially raany methods were devised, but the plaster chair 

; described by Fal (1953) has been used routinely in the treatment of 
` patieatsduringthe latter partofthis study. Other postural appliances 
: have: been described by Davies (1952) and Rosenweig (1954). 


= years LR = last review B = birth 


the feeds.t In fact, only eight of 34 infants were 
given thickened feeds in addition to postural 
therapy. Treatment was further supplemented in 
two of these eight by the administration of alkali 
which was also prescribed for two others in the group. 


Results. Thirty-four infants were treated by 
adequate sustained posture as defined above. All 
were kept under regular out-patient supervision at 
a special follow-up clinic throughout the period of 
treatment. The clinical progress of these infants is 
summarized in Table 1. 


+ Methods used to thicken feeds: 
G) Benger’s Food—one teaspoonful to 2 oz. of milk feed. 

(ii) Cornflour—one tablespoonful to a pint of milk feed. 

(iii) Carob-seed flour, marketed under the name of ‘nestargel’ 
by the Nestlé Company—half to one teaspoonful to 12 oz. 
of feed (0: 5-124 of powder to each feed). 

These thickened feeds were given by feeding bottle using a teat 
with a large hole. Additional thickening. if desired, was obtained 
by merely increasing the concentration of the thickening agent. 
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Only four of these 34 infants suffered from either 
‘moderate’ or ‘frequent’ symptoms beyond 12 months 
and only two beyond 2 years of age. One of these 
latter. children (Case 80) had vomited only two to 
three times a year from 2 years of age until last seen 
when 6 years 8 months old. During this period, 
however, she had continued to have difficulty with 
swallowing and required to have solid food finely 
cut up. Examination by barium swallow and 
fluoroscopy at her last attendance showed no evi- 
dence of oesophageal narrowing. The other child 
(Case 106) showed no improvement with treatment 
and developed an oesophageal stricture. A surgical 
repair of the ‘hiatus hernia’ when she was 6 years old 
did not produce any significant benefit and when 
seen one year later she still complained of frequent 
dysphagia and vomiting. — 

These results compare favourably with the ex- 
- pected outcome of a similar group of untreated 

patients (Carré, 1959). Without treatment, it is 
probable that at 12 months of age about 22 and at 
2 years about 15 patients would have been troubled 
with symptoms of either ‘moderate’ or ‘frequent’ 
severity. Of these, 11 would still have been vomiting 
more than once a month on average at 4 years with 


am | -DAILY 
VOMITS 
20 
18 
PROPPED UP 
i6 
E o 
be LV. FLUIDS Pd 
i a i4, Pa 
© o” 
ui Pa 
$ J 
Pa 
12 
f 
fv 
Fi 
ia 
IO, a 
£ f 
a , 
Bs rl 
© i 2 3 4 5 


ARCHIVES OF DISEASE IN CHILDHOOD 


one or two having developed an oesophageal 
stricture. One other patient “might have died in 
infancy. 

The speed of response to treatment was variable, 
In some patients improvement was dramatic while 
symptoms in others abated only slowly over a 
period of months. The speed of response may be 
determined from the time interval between the 
institution of therapy and the onset of symptoms of 
‘minimal’ severity. This period was less than 
two weeks in 12 patients. In a further 12 this 
interval varied between two weeks and three months. 
In eight patients the response to treatment was 
gradual with intervals varying from three to 17 
months between the commencement of treatment 
and the onset of ‘minimal’ symptoms. Two patients 
failed to respond. Confirmatory observations were 
recorded in 20 other similarly treated patients 
excluded from the present review because of an 
inadequate follow-up. Seven of these 20 patients 
had virtually ceased vomiting within two weeks and 
another eight within three months of starting 
treatment. The prompt beneficial response which 
may follow the institution of postural treatment is 
illustrated by Case 121 (Fig. 2). 


J.G. No. 2i 


6 7 a 9 IO n i2 


AGE IN MONTHS 


Fic. 2.—The progress of this child: iilustrates the prompt symptomatic response which may follow the institution of adequate postural treatment 


in early infancy. This infant commenced vomiting at 3 days. 


When 2 weeks old she weighed i Ib: 12 oz. less than her birth weight. 


Following rehydration with intravenous fluids and treatment by nursing in an erect posture vomiting ceased dramatically and concurrently 


her weight rose steadily. 


She was last seen at 6 years of age; there had been no recurrence of symptoms, but she still had a demonstrable 
partial thoracic stomach when examined by barium swallow. and fluoroscopy, 


Weight == ; expected weight gain ~- - - ~ - 
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TABLE 2 


PROGRESS OF 15 PATIENTS DIAGNOSED BEFORE 3 MONTHS OF AGE BUT GIVEN 
‘INADEQUATE’ POSTURAL TREATMENT 
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Remarks 
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Propped with pillows only 
Propped for 4 hour after feeds 


Adequately propped for 4 hour 
after feeds 

Pneumonia {1 and 19 mths: 
adequate propping 6 wks- 
7 mths; one pillow only used 
14 mths-2 yrs; resection of 
oesophageal stricture and 
partial gastrectomy at 3 yrs 

mths 
Two pillows only 
pes apis postured 2~4 wks 


Propped with pillows only 


One pillow and head of cot 
raise 

Adequately propped, but for 
insufficient period 
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Abbreviations as in Table 1, 


Patients Given ‘Inadequate’ Postural Treatment. 
For the purpose of comparison a summary is 
included cf the progress of 15 children given 
“inadequate” treatment. Postural treatment has 
been judged as ‘inadequate’ for the following 
reasons. FEillows only were used to posture seven 
patients, wile in eight instances propping though 
adequate in degree, was either employed inter- 
mittently cr continued for an insufficient period 
(Table 2). 








There was an additional important difference 


between the two groups. These patients, in contrast 
to those aready discussed, were not kept under 
regular out-patient supervision. In other respects 
they were exactly comparable to those considered 
in the prevæus section with the exception that one 
patient (Case 143) had symptoms of only ‘moderate’ 
severity at che time of commencing treatment. 


Results. Eight children were well by 2 years. 
Two patierts died in early infancy. One child 
developed æn Oesophageal stricture. The remaining 
four children suffered from symptoms of ‘moderate’ 
-severity beyz and 2 years of age; one of these still had 
| ‘moderate’ symptoms at 4 years. 


These results are not dissimilar to the expected 
outcome should none of these children have been 
treated by posture. For, in the absence of treat- 
ment eight or nine would probably have been well by 
2 years of age. Of the others, possibly one might 
have died and another developed an oesophageal 
stricture. The remaining four or five children would 
probably have suffered from symptoms of at least 
‘moderate’ severity up to 4 years of age and longer. 


Group B 


The greater strength and activity of these 
older patients made it infinitely less practical to 
effect a comparable degree of sustained propping 
as quoted for Group A patients. It has been 
necessary, therefore, to adopt much less strict 
criteria of treatment. Patients have been included 
where a genuine attempt had been made to keep 
them propped throughout the night and during 
daytime rest periods. 

Children considered in this survey have been 
treated by posture for either a minimum period of 
nine months, or a period extending for six weeks 
beyond the onset of ‘minimal’ symptoms should 


574 


this have occurred before nine months treatment 
had been given. 

No child was subjected to any surgical procedure 
other than oesophagoscopy during the nine months 
of postural treatment. 

All patients considered were 4 years of age or 
more at the time of their last review. 


Results. There were only nine patients whose 
symptomatology and treatment conformed with the 
above conditions. Alkali was given as supple- 
mentary treatment to five patients; two of these 
were given atropine as well. The clinical progress 
of these patients is summarized in Table 3. 

Three patients developed an oesophageal 
stricture: one other child suffered from symptoms 
of ‘moderate’ severity until the age of 6 years 
11 months. The remaining five children had only 
‘minimal’ symptoms at 4 years of age; in four 
‘minimal’ symptoms had dated from 2 years or 
younger. If untreated it is probable that only 
one or two of the nine patients would have shown 
much improvement by 4 years of age. 

The response to treatment appeared to be un- 
related to the age of commencing treatment. Of 
four: whose. treatment started before 12 months of 

age, two. developed an. oesophageal stricture while 
two were well at 4 years; of five commencing 
treatment between 12 and 24 months, one developed 
a stricture, one suffered from ‘moderate’ symptoms 
until almost 7 years and three were clinically well 
at 4 years. 
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Fig. 3 shows the progress of one patient who Z 
responded to conservative therapy. 


Complications of Postural Treatment. 

The only complications observed which could in 
any way be attributed to postural therapy were 
occasional sore buttocks, usually encountered at the 
start of treatment, and a flattening of the head 
similar to that described by Craig (1953). 


Flattening of Head. The following brief review 
was undertaken with the object of determining 
more precisely the relationship of a flattened head 
to postural treatment. In the absence of anatomical — 
measurements a child has been regarded as having 

a ‘flat’ head if the alteration in head shape was 
sufficiently obvious to cause comment. Three 
groups of patient are considered: 

1. Children who were kept sitting up at 60° or 
more throughout each 24 hours for a minimum 
period of one month and who were followed-up 
for at least six months from the start of treat- 
ment. 

Children who were postured either inter- 

mittently or for less than. one month, or in 

whom the degree of propping was less than 

that stated for Group A 

. Patients given no postural treatment and who 
were between 6 months and 2 years of age 
when seen. 

As shown in Table 4 a flattened head was only 


TABLE 3 


PROGRESS OF NINE PATIENTS BETWEEN 6 AND 24 MONTHS WHEN STARTED 
ON POSTURAL THERAPY 





























`. Ageol | Clinical Progress Age at 
Case . Starting | Supple- ee Í 
No. | Postural | mentary Severity of f Symptoms and Age | Review | Remarks 
. Treatment | Treatment ; serene 3 : ) 
: (months) | | Frequent | Moderate ; Minimal i Yrs Mths | 
$5 20 ! = | B-20m 20m-22m i 22m- | | Postural treatment discontinued 24 yrs; 
: ; i ! | 2ylOm ; ë 4 | recommenced 3 yrs 4 mths (two pil- 
' : 2yl0m- | 3y6m- | óy ilm- | | lows) until 6 yrs 
a: ; » 3y6m  6ytim | LR. : ] 
62 17 | Alkali, atropine =» B-l2m  12m-i7m 17 m-LR > 4 0 | Propping discontinued 24 yrs 
793 8 : Alkali BSim § 84n-18m | 18m-LR | 7 6 | Prepping. discontinued 34 yrs 
Bh 18 ; Alkali O9m-i8m 9 18m-20m 2m-LR 4 i Propping discontinued 24 yrs 
10k; 18 : ~ | BAR | amme | ~ 4 9 | Propped 18 mths-2$ yrs; oesophageal 
; ; ; | stricture 2 yrs; repair of ‘hiatus 
| i ; t i | hernia’ at 4 yrs 7 mths; good immedi- 
: . ; | ; i : | ate symptomatic response 
110 | 6 Alkali, atropine | B-l8m %(18m-2y4m: 2y¥4 m-LR 4 3 | Propping discontinued 2 yrs 
i119 i 10 os | BAR | oe — i $ 3 | Propping discontinued 2 yrs; 
| ; | ; ; | oesophageal stricture 2} mths 
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Abbreviations as in Table t. 
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AGE IN MONTHS 


Fig. 3.-—-Desrrte vomiting from birth this infant gained weight satisfactorily until 6 months. 
No solid food was retained. From the time of starting. postural treatment at 84 months, ee 


increased andino weight gain was recorded. 


During the following three months. PET 


vomiting at réght, which had been a notable feature, ceased and dysphagia and day vomiting gradually subsided over a period of nine. 


months. 


Except for an occasional vomit associated with respiratory infections this child remained free of symptoms up to his last review 


at 74 years. 


noted among children of Group Í; all were less than 
3 months old when started on treatment. Eight 
children who developed a ‘flat’ head were 
‘Birth weights ranged from 4 Ib. 14 oz. to 
Two 





a children were noted. as having developed a ‘flat’ 
= head within one month of starting treatment. 


Discussion 
Value end Limitations of Postural Therapy. 


P Postural tæatment for the purpose of this review 
“has been regarded as ‘adequate’ only if it entailed 


TABLE 4 


~RELAT“ONSHIP: OF POST URAL TREATMENT TO 
ALTERATIONS. IN SHAPE OF HEAD 









a Aie: OR Starüag Number of Patients 
- Postural ro en a ee ee 
“months ¥ Group i Group 2 Group 3 
9-1 31] | | 
i-2 11 @) j 49 (13) | 6(0); 15 (0) | : uø) 
2-3 7Q | J 
> 22 (0) © RO | i 


Fi ‘igures in beackets indicate number of patients with a ‘flat’ head. 
: Per definition of groups 1, 2 and 3, see text. 


keeping infants propped at 60° or more. e throughout 
the 24 hours. These requirements were originally 
formulated largely on the basis of theoretical 
reasoning during the early stages of this study in 
1951. 

By 1950 the aetiological importance of gastro- 
oesophageal reflux in the development of oeso- 
phagitis, ulceration and ultimately stricture forma- 
tion in adult patients had been established (Tileston, 
1906; Winkelstein, 1935; Dick and Hurst, 1942; 
Johnstone, 1943; Allison, Johnstone and Royce, 
1943). Similar cesophageal changes noted in some 
children with a partial thoracic stomach appeared 
to have an identical aetiology as free gastro- 
oesophageal reflux was a frequently associated 
radiological feature. The damaging effect of gastric 
juice, hydrochloric acid and pepsin on the oeso- 
phageal mucosa had been demonstrated experi- 
mentally by Friedenwald, Feldman and Zinn (1928), 
Selye (1938) and Ferguson, Sanchez-Palomera, 
Sako, Clatworthy, Toon and Wangensteen (1950). 
There was, therefore, good evidence for supposing 
that the greatest danger to patients with gastro- 
oesophageal incompetence lay in the regurgitation of 
unbuffered and undiluted gastric juice. 
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Lelong, Aimé, Aubin and Bernard (1939) reported 
that infants with a ‘brachyoesophage’ were improved 
if nursed propped up after feeds. These observa- 
tions were later confirmed by Wyllie and Field (1946), 
Nicod (1948) and Roviralta (1949). It seemed 
logical to postulate that the assumption of an erect 
posture by invoking the aid of gravity lessened the 
amount of gastro-oesophageal reflux in these 
infants which secondarily resulted in an amelioration 
of symptoms. On the basis of this reasoning it 
seemed particularly important that any such pos- 
turing should not be confined to short periods 
during the day or after feeds, but should be main- 
tained throughout the night when the protective 
effect of food in buffering and diluting gastric 
contents was non-operative. Continued posturing 
throughout the 24 hours was therefore adopted 
as an essential requisite of ‘adequate’ therapy. 

In addition to keeping patients propped up 
throughout the 24 hours, it soon became apparent 
that to be therapeutically effective posturing had to 
be of such a degree that patients were maintained 
in a sitting position (Fig. 1). It was found impos- 
sible to maintain this degree of propping without 
the use of some form of supportive harness or chair 
and for this reason postural treatment which did not 
include the use of some such appliance has been 
regarded as ‘inadequate.’ 

No evidence has been obtained from this study 
favouring a relaxation of these measures. On the 
contrary, the results achieved have demonstrated 
that prolonged sustained propping in a sitting posture 
is essential if maximum benefit is to be obtained 
from this form of therapy. Whereas encouraging 
long-term results were recorded in the group of 
infants started on ‘adequate’ treatment by 3 months 
of age, a second comparable group given ‘in- 
adequate’ therapy compared unfavourably. In 
fact, the ultimate prognosis of these latter children 
did not appear to have been materially influenced 
by therapy. These results also emphasize the im- 
portance of out-patient supervision. There is little 
doubt that an important factor contributing to the 
adequacy of treatment in the former group was the 
fact that patients were kept under regular out- 
patient observation. Though difficult of accurate 
evaluation, two features appeared to affect adversely 
the long-term response to treatment, namely 
maternal inadequacy, often aggravated by poor 
social conditions, and recurrent upper respiratory 
tract infections causing temporary exacerbations 
of vomiting. 

It is possible to define two distinct clinical groups 
among infant patients based on their response to 
postural therapy. Of patients started on ‘adequate’ 
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sustained postural treatment by 3 months of age 
approximately two-thirds had virtually ceased 
vomiting within three months of starting treatment. 
By contrast, improvement in the remaining one- 
third was slow with troublesome symptoms per- 
sisting for many months. The relative proportions 
of these two groups, namely two-thirds and one- 
third, are identical to those of the two clinical 
categories recognizable among untreated infant 
patients, i.e. Groups I and II of the natural history 
study (Carré, 1959). This similarity in distribution 
suggests that the patients who responded promptly 
to treatment were in fact. precisely those who, if 
untreated, would have undergone a spontaneous 
clinical cure by 2 years of age (Group I. Whereas, 
those whose improvement was slow and protracted 
were probably patients who, in the absence of treat- 
ment, would have suffered from troublesome 
symptoms to 4 years and older, with a few deve- 
loping an oesophageal stricture as a eomplication 
(Groups Hla and b). Yet, with prolonged postural 
therapy eight of the 10 latter patients became 
virtually symptom free by 2 years of age; 
vomiting in four of these did not cease until after 
nine months of continuous therapy. The absence of 
a rapid symptomatic response should not be inter- 
preted therefore as an indication per se for aban- 
doning postural treatment. 

Postural treatment when first started in late 
infancy or early childhood was not accompanied 
by such encouraging results as noted when treatment 
was started during the first months of life. Never- 
theless, it seems that about half of the older 
patients are likely to benefit from postural treatment. 
There are two probable reasons why treatment 
should be less effective when first instituted at this 
age. The pathological changes in the lower 
oesophagus are more likely to be irreversible and, 
secondly, sustained adequate posturmg is more 
difficult to achieve because of these patients’ greater 
activity and strength. 

Having regard to the recorded results and analyti- 
cal precautions adopted, it is concluded that postural 
treatment is of considerable value in the manage- 
ment of infants with a partial thoracic stomach 
uncomplicated by an oesophagea! stricture. To be 
maximally effective, however, treatment must be 
commenced as early in infancy as possible, and 
patients should be propped at 60° or more through- 
out the 24 hours. Treatment should be continued 
for as long as 12 months should treublesome 
symptoms persist; in refractory cases little addi- 
tional benefit is likely to result from more prolonged 
treatment. In those patients who respond it is 
advisable to continue with treatment for a further 


sequently confirmed by Davies (1953). 
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six weeks after the virtual cessation of al 
symptoms. 

It mus be appreciated that the effectiveness of 
postural treatment in this study has been deter- 
mined sciely by reference to clinical disturbances. 
Althougt of undoubted clinical benefit, there is no 
evidence that postural treatment influences the 
radiological ‘cure’ rate (Carré and Astley, 1960). 

Postural treatment can only be regarded as 
routinely applicable if at the same time it can be 
asserted -hat no permanent undesirable ill effects 
are Ekel» to accrue. Craig (1953) has recorded a 
flattening of the head in two infants with a ‘hiatus 
hernia’ treated by posture—an observation sub- 
Thirteen 
similar instances have been noted among 98 patients 
treated b” posture. All 13 children who developed 
a ‘flat head had been started on treatment before 
the age of 3 months and had been maintained 
contmuomsly in a sitting posture for at least one 
month. These latter patients represented about 
one-~juarver of the children so treated (Table 4). 
Not a smgle instance was seen among children 
treated br intermittent or lesser degrees of propping, 
among children over 3 months of age when started 
on treatraent nor among untreated patients. The 
relationship of a ‘flat’ head to postural therapy 
is further emphasized by the findings in two sets of 
identical twins. One set was started on ‘adequate’ 
postural -reatment at 10 days of age: both infants 
deveiopee a ‘flat head. Of the other set of twins 
one infart was treated by posture from 7 weeks: 
the other received no postural treatment. The 
twin treated by posture developed a ‘flat’ head, 
whereas the other did not. 

It migkt be thought that the skull of a premature 
baby would be softer and more malleable than that 
of a full-erm infant and that as a result premature 
babies would be particularly liable to develop 
alteratiors in head shape. However, it was not 
possible :o demonstrate any relationship between 
birth weight and the development of a ‘flat’ head 
in this seses. 

It is apparent that the ‘flat’ head seen in certain 
children with a partial thoracic stomach arises 
secondary to the maintenance of an erect posture 
during the early months of infancy. That this 
abnormaaty may develop relatively quickly is 
illustratec: by the two patients in this series who had 
developec a ‘flat’ head within one month of starting 
treatment As these ‘flat’ headed children grow 
older the alteration in head shape becomes pro- 
gressively less noticeable and it is probable, though 
not certam, that the abnormality eventually resolves 
complete ¥. 
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That the propping up of small babies might result 
in eventual maldevelopment of the spine is often 
of justifiable concern to parents, and Braid (1953) 
has questioned whether prolonged treatment in an 
erect position might not interfere with normal 
pelvic growth. Though specifically looked. for, 
no evidence of either spinal or pelvic maldevelop- 
ment has been noted among children in this series. 

The introduction of thickened feeds was of great 
supplementary value in the few infants slow to 
respond to posture alone. Alkali and atropine 
derivatives were given so infrequently and sporadi- 
cally that no reliable assessment of their therapeutic 
value is possible on the basis of this study. That 
these agents may have contributed to the symp- 
tomatic recovery of the few patients given these 
medicaments cannot be discounted. It may pos- 
sibly be of significance that three of the four children 
whose treatment first started between 6 and 24 
months of age and who either developed an oeso- 
phageal stricture or were still troubled with vomiting 
at 4 years of age had not been given alkali. On the 
other hand, of the five comparable patients whose 
symptoms at 4 years were ‘minimal’, four had been 
given alkali as supplementary treatment. In any 
case, until such time as unequivocal evidence to the 
contrary has been produced there seems to be, on at 
least theoretical reasoning, sufficient justification for 
the use of alkali as supplementary therapy. 


Comparison of Published Results. Although only 
sufficient experience has been gained from this 
study to justify conclusions on the value and limita- 
tions of postural therapy, the published results of 
both medical and surgical treatment are briefly 
reviewed for the purpose of comparison. Only 
information relating to the treatment of children 
with a proven partial thoracic stomach uncompli- 
cated by an oesophageal stricture is considered. 
Unfortunately, a strict comparison of published 
results with those of this study is largely impossible 
because of the frequent omission of essential data 
on methods and duration of treatment, length of 
follow-up, criteria of assessment and even more 
important the age and type of child treated. More- 
over, most reported series include both medically 
and surgically treated patients. This raises an 
additional difficulty as it is seldom clear why 
patients were chosen to receive either one or other 
form of therapy. Because of the inevitable selection 
involved the results quoted in such reports need to be 
evaluated with considerable caution. 

Good clinical results following conservative 
postural treatment have been claimed by Lelong, 
Aimé and Aubin (1941), Roviralta (1952), Fox and 
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Hunter (1954), Swyer (1955) and Burke (1959). 
Unfortunately, the information provided is insuff- 
cient to permit of comparison with the observations 
of this study. A very limited comparison has been 
possible with the observations of Masse and Bader 
(1957). For the most part patients seen by these 
authors were first treated conservatively and only if 
the immediate response to treatment was poor were 
they then subjected to operation. Analysis of 
their results shows that of children with a gastro- 
oesophageal abnormality corresponding to the 
partial thoracic stomach of this study, 38 started 
on a similar medical regimen of treatment within 
the first three months of life; 22 (58%) responded 
sufficiently promptly for operative treatment to be 
withheld (Masse, 1959, personal communication). 
These observations agree with those of the present 
review in which it was noted that among 54 com- 
parable patients 35%, became virtually symptom- 
free within two weeks and 72% within three months 
of starting postural therapy. 

‘In contrast, unsatisfactory results from medical 
treatment are quoted by Forshall (1955) and 
Thomsen (1955). A critical evaluation of the infor- 
mation provided by these authors suggests how such 
a contrary opinion to that of this study has come 
about. 

On the basis of experience gained in treating nine 
patients by postural methods Forshall (1955) 
expresses disagreement with the suggestion that 
many ultimately do well with conservative therapy. 
Details of the postural methods and duration of 
treatment are not stated nor is the patient's age on 
starting treatment. However, it would appear that 
at least five of the nine children were over 2 years 
of age and two had an oesophageal stricture. As 
illustrated in this study such patients represent 
precisely those who would not be expected, and 
indeed do not, respond well to medical treatment. 
It is important that these limited observations should 
be viewed in their correct perspective. Referring 
as they do to a particular type of patient it is clear 
that they should not be interpreted as representative 
of the results of medical treatment as applied to all 
children with a partial thoracic stomach. 

Analysis of Thomsen’s (1955) data shows that 
24 patients were treated by postural methods for 
varying periods. The use of a harness or chair is 
not mentioned and it is probable that the degree of 
propping was less than that used in the present 
study. Two patients died from causes unrelated 
to the gastro-oesophageal abnormality. Of the 
remaining 22 only 12 were considered to have made 
a Satisfactory response to conservative treatment. 
Eleven were diagnosed before 3 months of age and, 
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although by no means certain, it is assumed that 
their treatment will have dated from the time of 
diagnosis. With postural treatment as defined and 
applied in the present study 10 or possibly all 
would have been expected to respond. In fact only 
six became symptom free; their ages at the time of 
their last review varied from 15 months to 4 years. 
The other five children were considered to have 
failed to respond to treatment and were subjected 
to operation. However, consideration of the 
histories of these five patients indicates that in three 
at least postural treatment was maintained for less 
than six weeks. Had treatment been continued 
longer it is likely that these patients would also have 
responded. For, of comparable patients studied in 
this review about one-quarter showed little improve- 
ment until after three months continuous propping. 
The remaining 11 conservatively treated children 
in Thomsen’s series were over 3 months of age when 
started on treatment. Such a group will include 
a high proportion of relatively severely affected 
children only about one half of whom are likely 
to respond to conservative measures, In fact, six 
of the 11 improved and became symptom free. 
Thus, although at first sight the results quoted by 
this author appear less satisfactory closer scrutiny 
reveals no significant difference from those of the 
present study. 

A similar divergence of opinion exists with regard 
to the value of surgical treatment. Forshall (1955) 
records in a short follow-up review that surgical 
repair of the ‘hiatus hernia’ resulted in relief of 
symptoms in 29 of 30 children so treated. These 
are excellent results, but before giving credit to the 
surgical procedures employed it would be of con- 
siderable moment to know the age of these children 
at operation and, in view of its undoubted bene- 
ficial effect, to know if postural treatment was used 
to any extent either before or after operation. In 
any case a final assessment must await a more 
prolonged follow-up because of the possibility of 
relapse months after apparent surgical cure. In 
view of the therapeutic policy advocated by this 
author of ‘operation in all cases in which the cardia 
is above the diaphragny’ it can be assumed that most 
patients would have been operated on shortly 
after establishing the diagnosis, in which case the 
majority are likely to have been small infants. 
Should this in fact be so then the symptomatic 
results achieved are not notably different from those 
obtained in this review. Unfortunately, Forshall’s 
encouraging results are not confirmed by other 
workers. Husfeldt (1953), for example, refers to 
the results of surgical treatment as being ‘far from 
satisfactory’. Excluding three patients with an 
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_ associated oesophageal stricture only 10 of 24 
patients were regarded by this author as cured 


he following a surgical repair of the ‘hiatus hernia’. 
iia Allowing for differing techniques, why should this 


surgeon’s experience differ from that of the previous 
author? One important factor would seem to be 
the type of patient treated. In Husfeldt’s series 
about helf were over 2 years of age and there is 
little doubt that many had irreversible pathological 
charges the oesophagus. It is noteworthy that 
of comparable patients treated by posture in the 
present sudy about half were similarly benefited. 
Relatively disappointing surgical results have also 
been put ished by Guichard, Verger and Humeau 


(1956), Bettex and Genton (1957) and Robb (1957). 


Deoubt regarding the efficacy of surgical treatment 
is expressed by Burke (1959) in a follow-up report 
on the series of patients originally reported by 
Waterstom (1954). Of 64 surgically treated patients 
only 12 responded immediately with cessation of 
vomiting. Of the others ‘improvement had some- 
times begun before surgery was undertaken, but 
more often it was not evident until months or even 
years afterwards’. It should be noted, however, 
that 25 children in this series had an oesophageal 
Stricture at the time of operation. 

Ome other report dealing with the surgical treat- 
ment is that of Duhamel (1957). Excluding patients 
with an esophageal stricture, 24 of this surgeon’s 
patients had a  gastro-oesophageal abnormality 
corresponding to the partial thoracic stomach of 
this stud. An excellent or satisfactory response to 
therapy was noted in 20; four showed no improve- 
ment. Seme degree of comparison is possible 
with the experience recorded in the present study. 
It is probable that most of the patients operated on 
had had a trial period of medical treatment before- 
hand in wiew of the therapeutic policy adopted by 
this author’s medical colleagues (Masse and Bader). 
On the evidence of the present review the nine 
infaats who were less than 6 months old when 
operated on by Duhamel would probably have 
improvec. over a period of months had postural 
treatmen: been continued. In fact, following opera- 
tion two of the nine responded promptly, six made 
a slow recovery with gradual cessation of vomiting 
and one was not improved. These surgical results 
are not therefore significantly dissimilar to what 
would probably have occurred had postural treat- 
mert been more prolonged. On the other hand, 
of 15 chidren operated on when over 6 months of 
age seve? made a prompt recovery, five improved 
slowly end three showed little clinical change. 
Assuming that all had troublesome symptoms at 
the time of operation these results reflect an 
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improvement on those of the present study for of 
comparable patients only about half benefited from 
prolonged postural therapy. 

Although considerable experience in treating 
children with a partial thoracic stomach has been 
gained during the past few years, there exists no 
unanimity of opinion on the relative value of thera- 
peutic procedures. Ina disorder such as the partial 
thoracic stomach where there is such a wide variation 
in the naturally occurring clinical progress of indivi- 
dual patients it is imperative that strict analytical 
precautions should be adopted when assessing the 
value of therapeutic measures. Failure to do this 
and a lack of appreciation of the natural history 
have been mainly responsible for the controversial 
views expressed. For this reason the present 
study is considered to have an important subsidiary 
value. It is suggested that similar analytical pro- 
cedures might usefully be adopted by other workers 
when assessing the results of either conservative 
or surgical treatment. If this were done there seems 
good reason to expect that many of the divergent 
views at present expressed would soon be resolved. 


Summary 


In this study the value and limitations of postural 
treatment in the management of children with a 
partial thoracic stomach uncomplicated by an 
oesophageal stricture have been assessed. The 
clinical progress of treated patients has been com- 
pared with the expected outcome as determined from 
a previous study of the natural history. AH 
patients considered were followed-up to at least 
4 years of age. 

It is concluded that postural treatment is of great 
value in the management of these patients. To 
obtain maximum benefit it is necessary, however, 
that patients be sat up at 60° or more throughout the 
24 hours. This degree of propping can only be 
maintained by using some form of supportive 
harness or chair. Treatment should be continued 
for up to 12 months should troublesome symptoms 
persist. 

The most favourable clinical results were recorded 
in patients aged less than 3 months when started on 
treatment; 30 of 34 so treated were virtually symp- 
tom free at 1 year of age. On the other hand, only 
about one half of the older patients improved. 

As supplementary treatment, thickened feeds 
were found to be of unquestionable benefit. The 
value of alkali could not be accurately ascertained 
though the available evidence suggests that this 
therapy is also helpful. 

The only significant complication of treatment 
was the development of a ‘flat’ head in a few patients. 
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This alteration in head shape was confined to 
children who were started on treatment when under 
3 months of age and maintained continuously 
in a sitting posture for at least one month. 

A review of the literature is included showing 
that although much data have been collected during 
the past few years there still exists no unanimity of 
opinion and much confusion of thought on the 
relative merits of different therapeutic procedures. 
It is submitted that a failure to employ strict analyti- 
cal methods when assessing the value of therapy 
combined with a lack of appreciation of the natural 
history have been the factors mainly responsible 
for the controversial views expressed. 


I wish to thank Professor J. M. Smellie of the Univer- 
sity of Birmingham for much encouragement during the 
conduct of this study, Dr. R. Astley for the radiological 
diagnosis of these patients and all medical and surgical 
consultants at the Children’s Hospital, Birmingham, 
who kindly allowed me to supervise the treatment of 
their patients. 
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‘SWEAT TEST’ RESULTS IN NORMAL PERSONS OF 
DIFFERENT AGES COMPARED WITH FAMILIES WITH 
FIBROCYSTIC DISEASE OF THE PANCREAS 


BY 


CHARLOTTE M. ANDERSON and MAVIS FREEMAN 
From the Clinical Research Unit, Royal Children’s Hospital, Melbourne 


(RECEIVED FOR PUBLICATION APRIL 11, 1960) 


Many workers have confirmed the original 
observation of Darling, Di Sant Agnese, Perera and 
Andersen (1953) that sweat sodium and chloride 
levels m children with fibrocystic disease of the 
pancreas are three to four times higher than those 
found in normal children. The reason for this 
has not wet been defined, but the difference is so 
clear m children that the ‘sweat test’ has become one 
of considerable diagnostic value. 

However, the normal variation of sweat sodium 
and chloride levels in adults and in persons of 
varying age from childhood into adolescence and 
adult life has not been so clearly defined. Despite 
the absence of sound data of this type there is an 
increasing volume of literature in which the authors 
interpret small variations in these levels as an 
indicatior of abnormality in the groups of persons 
concernec. For instance, Di Sant'Agnese, Darling, 
Perera ani Shea (1953) and Smoller and Hsia (1959) 
state that a proportion of parents and siblings of 
children with fibrocystic disease of the pancreas 
have somewhat raised sodium and chloride levels 
< and that “his indicates their carrier or heterozygous 
state; Hs:a, Driscoll, Greenberg, Lee and Lanoff 
(1958) state that patients with allergies, particularly 
asthma, show higher levels than other children: 
Wood, Fishman, Reemtsma, Barker and Di Sant’ 
— Agnese (P959) state that some adult patients with 

chronic chest disease such as chronic obstructive 

pulmenary emphysema show raised levels and should 
be comsidsred ‘formes frustes’ of fibrocystic disease 

of the pancreas. 
| Bartier work (Anderson and Freeman, 1958), i 
which a small group of parents and siblings were 
compered-each with a group of normal adults and 
children failed to show any difference between the 
| sweat sodium and chloride levels in the correspond- 
ing groups, but it did indicate that the levels in 
adults: teraled to be higher than those in children. 
_ This work has been extended to include groups of 
greater numbers, primarily to delineate the sweat 
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sodium and chloride levels throughout life. These 
levels have then been compared at the corresponding 
ages with those obtained in larger groups of parents 
and siblings of patients with fibrocystic disease, 
The levels in children with chronic or recurrent 
chest disease, including asthma, have also been 
compared with those of children of similar ages 
free from chest illnesses. 


Materials and Method 

Method. Sweating was stimulated by an intradermal 
injection of mecholyl hydrochloride, as described in an 
earlier publication (Anderson and Freeman, 1958): 
2 mg. mecholyl was injected intradermally on the fore- 
arm in adults and older children and a smaller dose in 
babies and young children. Sweat was collected for 
one hour. 

Sodium was measured by flame photometry. This 
estimation can be accurately made in amounts of sweat 
as small as 50 mg., which was all that could be obtained 
from some very young infants. In the majority of 
instances at other ages, over 100 mg. was obtained. 
Chloride was determined by the method of Schales and 
Schales. Owing to the relative inaccuracy of titration 
when chloride levels are low and small amounts of sweat 
are collected, sodium levels are considered to be the most 
reliable. Therefore sodium figures only are presented 
in this paper. There would be no difference in the 
general pattern of results if chloride figures were also 
presented but for the sake of clarity and accuracy they 
are not detailed here. 

In our previous publication the level of 70 mEq./1. 
was chosen as the upper limit of normal and the lower 
limit of the fibrocystic level, but greater experience has 
shown that the vast majority of non-fibrocystic children 
under 15 years give values below 60 mEq./l. sodium, 
whilst a small percentage of fibrocystic values lie between 
60 and 70 mEq./l. Consequently a dividing level at 
60 mEq./I. is now taken but all results between 60 and 
70 mEq./l. are checked, 


Clinical Material. 
studied: 

I. One hundred patients with fibrocystic disease of 
the pancreas; these were all patients cared for medically 


The following seven groups were 
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TI TABLE Í 
COMPARISON OF SWEAT SODIUM LEVELS IN CHILDREN WITH FIBROCYSTIC DISEASE OF PANCREAS 





? 
got 


“WITH THOSE OF THEIR SIBLINGS, CONTROL CHILDREN AND CHILDREN WITH CHEST DISORDERS 


Group o NG Gare ee ee {oer aetna oot ne tama meen 
| 0-20. 20-30 | 30-40 | 40-50 50-60 60-70 70-80 | 80-90 > 90 
‘Fibrocystics’ . . | 100 0 i a a e ee eee: iho |) lṢ6 ; &l 
Controls Ae = 100 28 27 | 25 11 | 6 : 3 0 | 0 i 0 
Chronic chest disease | 100 3 | 3 | 8 ais | 4 | 2 | O | 0O | 0 
Siblings - aaf Gl 8 i a a 3 oo | 0O ù; 9 
i t Í i ; i i 





Numbers represent 


by one of us (C.M.A.) during a three-year period. The 
diagnosis was confirmed by clinical history and examina- 
tion, and by at least one other test, i.e. the demonstration 
of pancreatic achylia or deficiency, or of steatorrhoea by 
laboratory techniques. 

2. One hundred children up to 15 years of age used 
as controls: some of these children showed no organic 
disease and were tested purely as controls. The others 
were referred for diagnosis and showed conditions such 
as coeliac disease, steatorrhoea or failure to thrive. 
No child with subacute, recurrent or chronic chest 
symptoms is included in this group. Stools were always 
examined for excess fat in those who had failed to thrive 
and all children with steatorrhoea were shown to have 
normal pancreatic enzymes. 

3. One hundred children up to 15 years of age who 
showed symptoms of subacute, recurrent, OF chronic 
chest disease, but no digestive upsets or clinical evidence 
of pancreatic deficiency; these children comprise, first, 
a group, of whom the majority were infants, who were 
referred for a diagnostic sweat test because they had 
recurrent attacks of pneumonia or bronchitis; second, 
a group of patients with proven suppurative bronchi- 
ectasis all treated for a number of years by Dr. Howard 
Williams of the Royal Children’s Hospital Chest Clinic; 
and third, a smaller group of children with chronic 
asthma who were also patients of the chest clinic. 

4. Sixty-one siblings of the patients with fibrocystic 
disease of the pancreas; these were all under 15 years 
of age, were healthy, had grown normally and were 
within normal limits when examined clinically but did 
not undergo any other test to exclude fibrocystic disease 
of the pancreas. 

5. One hundred adults over 20 years of age with no 
known disease; these were personnel working in the 
hospital and relatives and friends of the Clinical Research 
Unit staff. 

6. One hundred parents of the patients with fibrocystic 
disease of the pancreas; these were all over 20 years of 
age and did not complain of any persistent diarrhoea 
or chronic cough, 

7. Forty-seven adolescents between 15 and 20 years 
with no known disease: these were young nurses, 
office workers, laboratory technicians and school 
children. 


Results 
All groups contained individuals of both sexes 
in roughly equal numbers, but no difference in 


*/ of each group. 


sodium or chloride levels was noted between the 
sexes, although men usually produced a larger 
volume of sweat than women. Results are given 
with no further reference to sex. 

Among the 100 whose diagnosis was considered 
to be that of fibrocystic disease of the pancreas 
and who were all under 15 years of age when first 
tested, all but five showed levels of sodium and 
chloride above 60 mEq./litre by the method em- 
ployed. Sodium results are included in Table 1 
where the actual number of children showing 
various levels are indicated. The two children 
whose sodium levels are between 20 and 30 mEq./ 
litre were tested twice with similar results. They 
show other characteristics of the disease, are sisters, 
have pancreatic achylia and persistent suppurative 
ckest infection of the type so familiar in this disease. 
The three children with sodium levels between 50 
and 60 mEq./litre all have chloride levels above 
60 mEq./litre. These children were retested with 
similar findings in one and higher results in the other 
two. However, the results recorded are the first 
performed, as is so with all groups. It can be seen 
that 95% of sodium values are higher than 60 
mEq. /litre, 61° being higher than 90 mEq. /litre. 
Table 1 compares these results with the sodium 
figures obtained from the three other groups of 
children. 

Among the 100 children up to 15 years of age 
who did not suffer from any chronic chest infection, 
allergy or pancreatic achylia, 97% of the sweat 
sodium values are below 60 mEq./litre with 80% 
below 40 mEq./litre. Among the 100 children 
with subacute or chronic chest disorders, 98%, of 
sweat sodium values are below 60 mEq./litre with 
82° below 40 mEq. /litre, a scatter almost identical 
to that of children without chest symptoms. Among 
the 61 siblings of the patients with fibrocystic 
disease 59 or 97° were below 60 mEq. /litre, 43 or 
70°% being below 40 mEq. /litre. 

Fig. | illustrates the results from the three groups 
of non-fibrocystic children giving a scatter according 
toage. The overall uniformity of scatter can be seen 
but as age progresses a somewhat upward trend in 


+ 


SWEAT SODIUM LEVELS 


7O 


60 


mEq/i. SODIUM 
> 
O 


AGE IN MONTHS 
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iO-15 
AGE IN YEARS 


Fæ. 1.—Sweat sodium levels in children of varying ages up to 15 years (the upper figure is included in each age group). 


O == wormal children: 


values occurs in all groups. Combining the three 
groups it-can be seen that up to 12 months of age 
all but four of the results are below 40 mEq./litre, 
but after that all age groups show more results 
between 40 and 60 mEq,/litre and in the 10-15 age 
group about 50%% of the values are at that level. 
- Therefore up to the level of puberty the majority 
«Of. values: are below 40 mEq./litre, but there is a 
tendency. for values to increase in later childhood. 

There ġ no difference at all between the scatter 


of weeping A children with or without chest illness 


o of non-fibrocystic origin. Among the siblings 
there are rather more children in the older age 
© groups, for instance, 90% of them are over 12 
<- months campared with 40% of the other two groups 
<o combined. Taking this into account there is no 





| @ = children with chronic chest diseases; 


x = siblings of children with fibrocystic disease of pancreas. 


significant difference between the results from the 
siblings and the other groups. 

The results from the 100 normal adults (Table 2) 
and (Fig. 2) show a much wider scatter of results. 
A considerable number, 34°%, were 60 mEq./litre 
and higher and only 23% were below 40 mEq,./litre, 
a contrast to the nonefibrocystic children. The 
100 parents of the fibrocystic children (Tabie 2 and 
Fig. 2) show a similar wide scatter of results with 
39% over 60 mEq./litre and 19% below 40 mEq./ 
litre. Although a few more results from parents 
are in the higher levels, notably the 70-80 mEq./litre 
group, there is a wide scatter of results and above 
80 mEq./litre a very similar number to the normal 
adults. There is therefore no significant difference 
between the two groups of adults, although they 


TABLE 2 
_ COMPARISON OF SWEAT SODIUM LEVELS IN 100 ‘NORMAL’ ADULTS AND 100 PARENTS OF 








oe é CHILDREN WITH FIBROCYSTIC DISEASE OF THE PANCREAS 

'. n3 i = | Sweat Sodium Levels (mEq./1.) 

ee ‘Group NO ee poaae tn perenne nanan seen pe nn capa peene nee os 
eee | © 0-20 20-30 30-40 | 40-50 50-60 60-70 | 70-80 | 80-90 —— 90 
A Noma aduks i0 o Ca ile ae o ae | a ae o R o ep y u 
o Parents of ochildren | : : : ; : : ; : : 

with fibroevstic dis- ; ! : : ; ; : ; ; 

0) ease of the: pancreas | 100 , 2 3 i4 15 27 ; 14 16 : 6 5 3 


Numbers represent % of each group, 
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differ significantly from the three groups of children 
up to 15 years. | 

The 47 normal adolescents between 15 and 20 
years of age show results intermediate between 
those of the children and the adults with 11 or 24% 
above 60 mEq. /litre and 13 or 27% below 40 mEq./ 
litre (Table 3 and Fig. 2). 

Fig. 2 gives the scatter of results of children, 
adolescents, adults and parents and indicates clearly 
the gradual increase in levels with age, the greater 


number of higher results after puberty as well as the. 
Table 3 


wide variation of values in adult life. 


combines all the non-fibrocystic results illustrating 
again the upward trend of values with increasing 
age, and shows the percentage of each group giving 
values below 40 mEq./litre, between 40 and 60 
From these 


mEq./litre, and above 60 mEq./litre. 
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TABLE 3 
COMPARISON OF SWEAT SODIUM LEVELS IN ALL GROUPS 


STUDIED TO SHOW INCREASING VALUES 
AT AND AFTER. PUBERTY 





Sweat. alee Levels 
(mEq. A} 


$ sqteasgegtenunanttnuiyaaiaan) amenant paanan 





Control children . | BO ao 3 
Children with. chronic: chest disease cae} ; : 
Siblings of children with BEE | ; 
mee soi the. pancreas T: 1 70 ; BEG 3 





disease ori the | pancreas, 5 Bo gR 39 





Numbers represent 2 y in 1 each | group. 


results it can be seen that about puberty and in 
adult life the level of 60 mEq./litre can no longer 


ore oN, nme o o 
s 


PARENTS ce 


ESIS, ADUS 


ehildren adolescents, adults and parents of children wah fibroovstic disease of 


the pancreas ithe upper figure is included in each age group). 
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TABLE 4 


INDIVIDUAL VARIATION IN SWEAT RATE AND COMPOSITION IN FOUR NORMAL ADULTS 
WITH CONSTANT MECHOLYL STIMULUS 


| A 


Tempera- oo 


Sweat 


(g.} 


: ture and | 
| Climate | 


‘November ms 1959 = at 
slight’ 
_ humidity 
ae’. ie Oe 

; high : 
ee _ humidity | 
Decanter. i2, 1959 af ae. 24 Gee | 
T ae warm and | ; 


Na Ci 





a “November 2 26, 1959 
0:0944 


Sa awx 1960 O-ELIG 


warm and | 


B | c D 
Sweat | Na CI Sweat pi Na CI | Sweat | Na Ci 
(g) (mEq. n) | (g.} m fl) {g.) | (mEg./1.) 
0-0611 56 79 — 0-3862 46 32 0-3249 | 77 38 
0-0959 67 68 0374 44 47 | 06606 | 6&2 49 

i l | 

; i ‘ f 
0-0414 | 58 53 0-3283 |: 46 3 | 0-3389 | 90 60 

i : è 
0:0688 79 58 | 073067 36 25 | 0-3395 60 41 

| | 
| | 





A and B are female. 


gi be cons:dered as the dividing level between a normal 
and an abnormal level of sweat sodium. 
_Nermal adults included individuals of varying 


x ages ap tc the seventh decade and parents up to the 


_ fifth decade, but an analysis of these into age 
groups dif not reveal any significant difference in 
: levels Tae increase in values was gradual in later 
childaood. becoming greater at puberty, but did not 
. progress farther with old age. 

Nct ony were the values from persons over the 
age cf puberty likely to be higher, but results from 
indiv:duals showed greater variation when repeated 
atintervals. To illustrate this variation four normal 
adults weze tested at about monthly intervals and 
the results are recorded in Table 4. Here some 


-indication is given of the climatic conditions of the 
day anc amounts of sweat collected. _ Both sodium 





“the eas lability : in sweat levels using as far 
as pcssible. the same stimulus. No real correlation 
is seen wh the climate, nor the volume of sweat 


E and hence perhaps the rate, as the time of collection 





< was corstant, . 
_ Levels ever 90 mEq,./litre among the adults and 
| Parents were repeated if possible. There were 
- sever: indwiduals with values in this region. One 
‘male pareat and one male adult were unavailable 
: < for retesting. Three of the other five showed lowered 
` Jevels of retesting, although still above 60 mEq./litre. 
The p two, one female parent and one adult 
-< woman, showed consistent levels. The female 
Fe agi adult with a | sodium level over 












= ere seen Dy microscopy. We belini 
to be a normal variant, but it is worthy 


Cand D are male. 


Chioride values are not recorded for reasons 
stated earlier, but the pattern of results in relation 
to age was very similar, 60 mEq./litre of chloride 
was still found to be the dividing line between 
‘fibrocystic’ and ‘non-fibrocystics’ when considering 
children up to 15 years of age. In adults the sodium 
and chloride values did not approximate each other 
quite as closely as they did in children. Among 
the two groups of adults tested; i.e. ‘normals’ and 
‘parents’, sodium figures were often slightly higher 
than chloride figures. However, this did not alter 
the comparison between the two groups of adults 
as there was still a comparable number of figures 
over 60 mEq./litre, for instance, 23% of normal 
adults and 25% of parents. 


Discussion 

Using a constant method of sweat stimulation and 
collection, levels of sweat sodium have been deter- 
mined at various ages in childhood, adolescence 
and adult life. Fairly constant levels in infants 
and young children are found, but these levels rise 
slowly as age progresses and become very much 
more variable after puberty. Although the level 
of 60 mEq./litre of sodium can be said to be the 
upper limit of normal in the sweat of children under 
15 years, such is not the case in adolescents and 
adults where many of the values are above this 
level. In all children under 15 who were tested, 
whether they are free from disease, suffer from 
chronic chest disease of non-fibrocystic origin, or 
are siblings of patients with fibrocystic disease, 
values are in the same range and 60 mEq./litre can 
be taken as the upper level. Taking into account 
the increasing values occurring after puberty there 
is also no difference in the pattern of results obtained 
from normal adults and from parents of patients 
with fibrocystic disease. 


§ 
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The two latter observations are at variance with 
those reported by some other workers, notably 
Di Sant’Agnese et al. (1953), Di Sant’Agnese (1957, 
1959), and Smoller and Hsia (1959) who consider 
that levels of sodium and chloride in the sweat of 
some parents and siblings are higher than normal 
from which they deduce that these individuals are 
carriers of the abnormal gene of fibrocystic disease; 
and Hsia er al. (1958) who consider that children 
with chronic or allergic chest disease show higher 
levels than normal children. Our results, usmg a 
much wider range of controls, show no evidence 
to support these views. It is difficult to reconcile 
these varying results, but there are some factors 
which can be discussed. 

A possible criticism of our results is that the 
method of obtaining sweat is not a satisfactory one. 
Among workers in the field of sweat electrolytes in 
fibrocystic disease of the pancreas a variety of 
methods have been used to stimulate sweating, but 
these fall broadly into two classes: sweating stimu- 
lated by heat or by other chemical agents. Results 
recorded by Di Sant'Agnese and his group and 
Hsia and co-workers are those of heat sweat. In 
the present study the method of sweat stimulation 
by intradermal mecholyl has been chosen for 
reasons outlined in a previous publication (Anderson 
and Freeman, 1958). As pointed out in that paper, 
the levels of sodium and chloride in sweat obtained 
in this way may be somewhat higher, occasionally 
up to 20 mEq./litre, than in sweat obtained by heat 
stimulation. However, this choice of method does 
not significantly affect the results obtained in the 
present study because all tests were done in the same 
way and can therefore be compared with each other, 
although not necessarily with those of other workers. 

It might be possible that heat sweat produces a 
different pattern of values. However, study of the 
literature relating to normal sweating reveals a wide 
divergence in the range of results of sodium and 
chloride obtained by many workers. Notable 
amongst these references are the review by Robinson 
and Robinson (1954) and the monograph on 
‘Human Perspiration’ by Kuno (1956). The former 
authors state that the concentration of sodium 
chloride in thermal sweat is extremely variable and 
give a list of 10 references in which values varying 
from as high as 100 to 148 mEq./litre down to 
5 mEq./litre are reported, all on supposedly normal 
individuals and mostly adults. Kuno lists three 
groups of workers who find values as divergent as 
400 to 17 mg. % sodium. They both point out the 
numerous factors such as skin temperature, climatic 
conditions, dietary intake of salt, and adrenal 
cortical activity, which can affect these levels and 
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Kuno in particular mentions age, discussing a 
control mechanism which begins to act on the sweat 
centres about puberty. Therefore it seems that our 
results in adults obtained by mecholyl stimulation 
parallel in the main those of many other workers, 
who were not concerned with fibrocystic disease of 
the pancreas. 

Precise knowledge of the physiological control of 
the concentration of electrolytes in sweat has not 
yet been obtained, but many factors apparently 
affect these concentrations. The results presented 
here support Kuno’s statement that age may be 
one of the factors and that about puberty there may 
be some physiological alteration in the control 
mechanism, or the factors that influence the con- 
centrations may be playing a greater part, perhaps 
the endocrine factors. In view of the confusion 
that exists regarding the precise limits of normal 
variation of sweat sodium and chloride concen- 
tration in adults and the limitations of knowledge 
regarding the physiological control of these electro- 
lyte levels, it is unwise to draw conclusions from 
the rather minor differences which some workers 
have observed in a proportion of parents and siblings 
of patients with fibrocystic disease and in some 
patients with chronic chest disease. In the work 
of both Di Sant’Agnese’s group anc Hsia and 
co-workers small groups of control adults are 
mentioned, but no attention paid to variation over 
a wide range of age. 

A study of the literature devoted to the sweat 
sodium and chloride levels in patients with fibro- 
cystic disease of the pancreas shows that differing 
levels are given by several authors as the upper 
limit of normal. The original contribution of 
Darling eż al. (1953) stated that 60-70 mEgq./litre of 
sweat sodium or chloride in heat sweat was the 
dividing line between normal and abnormal, but in 
a recent publication from the same centre (Di Sant’ 
Agnese, 1959) the figure of 50 mEq./Itre is given 
without adequate explanation of the change. 
Similarly, 50 mEq,./litre is the upper level stated 
by Hsia eż al. (1958) whilst 70 to 80 mEq./litre is 
the figure given by Shwachman and Leubner (1955). 
As there is still such variation among workers 
regarding the upper limit of normal for heat sweat 
it does not seem reasonable to theorize over levels 
between 50 and 70 mEq./litre obtained in parents 
and siblings (Smoller and Hsia, 1959), children 
with allergic chest conditions (Hsia et el., 1958), or 
adults with chronic chest disease (Petersen, 1959). 

The abnormal gene for fibrocystic disease of the 
pancreas appears to be a reasonably frequent one in 
the community and it might be argued that the adults 
and parents who showed values over 60 mEq./litre 


SWEAT SODIUM LEVELS 


in this paper were all heterozygotes. However, 
between 30 and 40% of both groups of adults 
tested came into this category and not even the most 


: enthusiastic geneticist has yet placed the carrier 
© rate at this level. 
that the mcidence of this disease in communities 


The majority opinion suggests 


of Caucasian origin is in the region of one in 1,000 
live births (Carter, in Bodian, 1953; Childs, 1956) 
and consequently, as the former writer states, the 
carrier rate would be about one in 15 or 65%. 

If these higher results did indicate the carrier 
state then a proportion of siblings should show 
resulis in the same range, but in the data presented 
here they do not. Apart from the constant and clear 








$ : difference between fibrocystic and non-fibrocystic 
© children under 15 years of age there does not seem 


to be any other information relevant to fibrocystic 
disease of the pancreas than can at present be 
obtamed from a study of the actual levels of sweat 
sodium and chloride, unless the reason for the 
varying and high levels found normally after puberty 
bears any relationship to the underlying defect in 
this disease. 

As a consequence of the data presented here the 
determination of sweat sodium and chloride loses 
much of its value as a test for the diagnosis of 
fibrocystic disease of the pancreas in adults. We 
have already encountered difficulty in several 
adolescents and older persons who are suspected by 
certain chnical features of suffering from this 
disease. in these a very careful assessment of all 
features relevant to the disease should be made. 
As yet, there is insufficient evidence for the postula- 
tion of ‘formes frustes’ of the disease, but this 
will 3e discussed in more detail in a future publica- 
tion. 

The sweat abnormality or the abnormality of 
exocrine secretions in fibrocystic disease of the 
pancreas cannot yet be explained in basic terms, 
and until this can be done, slight abnormalities of 
sweat electrolytes should not be regarded as a 
genetic manifestation of the disease. Theorizing in 
this regard has preceded precise basic knowledge, 
and may give rise to misleading genetic counselling. 


Summary 


_ The ramge of sweat sodium and chloride levels 
obtained by stimulation with mecholyl in normal 
persons from birth to old age has been determined. 
A slight increase in concentration of these electro- 
_ dytes has been found with increasing age in child- 
hood. There is a greater increase and variation at 
and after puberty. 
_ No difference has been observed in the results from 
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100 normal adults over 20 years of age and 100 
parents of fibrocystic children. 

No difference has been observed in the results from 
61 healthy siblings of fibrocystic children and other 
children up to 15 years of age. 

No difference has been observed in the results from 
100 normal children and 100 children with chronic 
chest illness other than fibrocystic disease of the 
pancreas. 

These results do not provide evidence that the 
carrier state in fibrocystic disease can be deter- 
mined from raised levels of sweat sodium and 
chloride, nor that chest disorders in children show 
altered levels of these sweat electrolytes. 

The ‘sweat test’ is of limited value in the diagnosis 
of fibrocystic disease of the pancreas in young 
adults or older persons. 

Generalizations regarding genetic constitution in 
families of fibrocystic children should await further 
knowledge of the normal mechanism of contro! of 
sweat electrolytes and the basic defect in fibrocystic 
disease. 


We should like to thank Miss R. Thomson for tech- 
nical help with the electrolyte estimations, and Sister 
Pollock and her staff for help with the ‘sweat tests’, 
the many physicians of the Royal Children’s Hospital 
who have referred patients to us, and the ‘normal 
controls’ who volunteered their help. 
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THE SIGNIFICANCE OF INTIMAL THICKENING IN THE 
ARTERIES OF THE NEWBORN 


BY 
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(RECEIVED FOR PUBLICATION APRIL 25, 1960) 


From both Europe and North America there have 
been a number of reports describing the presence 
of cushion-like areas of intimal thickening and 
elastic reduplication in the arteries of foetuses and 
infants (Dock, 1946; Fangman and Hellwig, 1947; 
Levene, 1956; Robertson, 1960a). The signi- 
ficance of these intimal cushions is uncertain. They 
are believed by some to be pathological in nature 
and the early lesions of atherosclerosis. Another 
view regards them as being a physiological adap- 
tation of the vessel wall to mechanical stress and 
as having little influence in dictating the later develop- 
ment of atherosclerosis. 

At Ibadan, coronary occlusion is rarely seen in 
the adult African and in the literature there are 
many reports indicating that atherosclerosis, cer- 
tainly of the aorta and coronary arteries, is much 
less severe and extensive in the African Bantu and 
Negro than in Europeans (Davies, 1948; Edington, 
1954: Hannah, 1958; and others). The present 
investigation sets out to determine whether intimal 
thickenings occur in the arteries of the African 
newborn and to compare their incidence with that 
found in European and North American subjects. 


Methods 


The popliteal artery of one leg was examined in 
52 newborn African infants, 32 of whom were male 
and 20 female. Their ages ranged from foetuses of 
30 weeks gestation to babies 2 weeks old. Most, 
however, were full-term stillbirths. In 30 of the 
cases, 19 male and 11 female, the proximal parts 
of the anterior descending and circumflex branches 
of the left coronary artery were also examined. 
From each vessel a small segment was taken and 
after fixation in formalin, paraffin sections were 
prepared and stained by haematoxylin and eosin 
and Weigert’s elastic tissue stain counter-stained 
by van Gieson. 

Findings 
In the newborn the intima of the muscular 


588 


arteries consists of an elastic membrane, the internal 
elastic lamina, which is covered by the endothelium. 
The circular muscle of the media surrounds the 
intima and is bounded on its outer aspect by the 
adventitia. Of the 52 popliteal arteries examined, 
42 (27 male and 15 female) showed areas in which 
there was a disturbance of this architecture. The 
pattern of this varied, but in most instances both 
the intima and media were affected to form a local 
cushion-like thickening of the wall. In the intima 
there occurred a. reduplication of the internal elastic 
lamina so that several ccarse lamellae or sometimes 
numerous fine elastic filaments were formed between 
which smooth muscle cells could be seen (Fig. 1). 
In the underlying media bundles of longitudinally 
orientated muscle also contributed to the thickening 





Full term stillbirth. A  cushion-like 


1.—Popliteal artery. 
thickening of the wall is present over which there is reduplication of 


FIG. 


the internal elastica. (Weigert = 150.) 
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FiG. 2.—Higa power field of the cushion illustrated in Fig. 1. A band 


of longitudimal muscle is present in the media beneath the split 
(H. and E. x 300.) 


elastica. 





FiG. 3.—Popliteal artery. Full term stillbirth. A cushion showing 

marked redup-ication of the internal elastica. The interstices of the 

elastic mesh contain many longitudinally orientated muscle cells. 
(Weigert 86.) 


of the wall (Fig. 2). These longitudinal muscle 
bundles were the most conspicuous feature of many 
cushions and in some instances they formed the 
whole of the thickening, there being no reduplica- 
tion of the internal elastica. Both the size and 
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complexity of the cushions varied widely, ranging 
from small nodes of longitudinal muscle in the 
media to the formation of large musculo-elastic 
mounds (Fig. 3). They occurred especially at the 
margins and opposite the mouths of branches, but 
were apparently not restricted to these sites, although 
serial sections would have been required to confirm 
this. 

The left coronary artery was examined in 30 
subjects and in 16 of these (11 male and five female) 
cushion-like thickenings of the wall similar to those 
of the popliteal artery were found. In the coronary 
vessels reduplication of the internal elastica tended 
to be more prominent than bundles of longitudinal 
medial muscle in the formation of the cushions. 
Only very occasionally, however, did a thickening 
show no evidence of a medial component. In both 
the coronary and popliteal vessels the van Gieson 
stain revealed strands of fibrous tissue in some of 
the cushions. It was generally associated with the 
elastic fibrils of the intima. In no instance was it 
present in large amount and many cushions showed 
no evidence of a fibrous component. 


Discussion 

Two views exist as to the significance of intimal 
thickenings in the vessels of the newborn. Fang- 
man and Hellwig (1947) and Levene ( 1956) con- 
sidered those in the coronary arteries to be patho- 
logical and the earliest lesions of atherosclerosis. 
Dock (1946) and Robertson (1960a) on the other 
hand, believed that they represented a response 
of the vessel wall to mechanical stress. In the 
coronary vessels Dock attributed this stress to the 
changing length to which these vessels had to adapt 
themselves during cardiac systole. Robertson, 
however, described similar thickenings in the pop- 
liteal and brachial arteries of the foetus and con- 
sidered that their function was to buffer a stress due 
to tugging at the margins of branches and other 
points of fixation of the vessel during its elongation 
with pulsation. It was believed that the presence 
of intimal cushions was of no significance in deter- 
mining the later development of atherosclerosis, 
although, if the disease did occur, it tended to 
localize in these regions of stress (Robertson, 
1960b). 

In the present study of newborn African subjects, 
cushion-like thickenings were found in the popliteal 
and coronary arteries of 81 and 53% of cases 


respectively. In both vessels the incidence was 
slightly higher in males than females. From these 
findings it appears that intimal thickenings 


occur just as frequently in the newborn of the 
African Negro as in those of the white races. Thus, 
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in a series of European foetuses, exactly similar 


structural changes were found in the popliteal- 


in North America, Fangman and Hellwig found 
coronary thickenings in 12 (40%) of 30 newborn 
infants, the incidence being higher in males than 
females, Despite the similar findings in the new- 
_ born of both races, “most authors are agreed that 
atherosclerosis is less marked in the African Bantu 
and Negro than in Europeans. Higginson and 
Pepler (1954), for example, yave found that only 
3% of African compared with 32% of Danish sub- 
jects of the fourth decade ha ve severe coronary and 
| 7 ults of the present study 
therefore support the view that: the presence of 


artery of 76% of subjects (Robertson, 1960a) while, 















= intimal cushions in the vessels of the newborn 


plays little part in -determining the later develop- 


-< ment of atherosclerosis. 


The presence of areas of intimal thickening and 
elastic reduplication in the popliteal and coronary 
arteries of newborn African infants is described. 
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Their ‘incidence: was found to be similar to that in 


‘the newborn of European and North American — 


subjects. The significance of these thickenings 
in the pathogenesis of atherosclerosis is briefly 


I wish to thank Professor G, M. Edington for his 
advice and encouragement during the course of this 
work. i 
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Scott and Robb-Smith (1939), using the name 
‘histiocytic medullary reticulosis’, reported four 
cases of a subacute illness characterized by fever, 

iz, leucopenia, jaundice and enlargement of 
the lymph nodes, spleen and liver. Microscopically 
there was a proliferation of phagocytes and giant 
cells in the reticulo-endothelial system, the affected 
tissues showing a tendency to undergo haemorrhage 
and necrosis. Marshall (1956a, b) described eight 
cases aral referred to seven others reported in the 
literature since 1939. 

The disease has not been reported in children and 
it is for this reason that the following case is mainly 
of interest. (For a review of the literature and 
discussien of various aspects of the disease Marshall’s 
publications, 1956a, 1956b, should be consulted.) 





Case Report 


The patient was admitted to the Adelaide Children’s 
Hospital on October 9, 1954, at the age of 4 years 
5 months with generalized enlargement of the lymph 
nodes. 

Her previous health had been good, apart from 
chickenpox and tonsillectomy, until three months before 
admission when a small lump in the right side of the 
neck had been noticed by her parents. A month before 
admission, because of a sudden increase in size of her 
neck, she was taken to a general practitioner who found 
rubbery enlargement of five or six lymph nodes in the 
right side of the neck. He could not feel the spleen at 
this time. Following treatment with antibiotics the 
Two days before admis- 
sion they enlarged again, accompanied by a fever with a 
temperature of 102° F., tiredness and loss of appetite. 

On admission to hospital the cervical, axillary and 
inguinal glands were all enlarged and the spleen was felt 
3 fingers breadth below the costal margin. The liver 
could nat be felt. Blood examination showed Hb 
10 g./10@ ml, the red blood cells numbered 3,800,000 
per c.mm. and the white cells 8,800 per c.mm., 61 % being 

phils, 37% lymphocytes and 2% large lympho- 
cytes. Mo abnormality was seen in a radiograph of the 
chest. A. week after admission the Paul-Bunnell test 
gave agefutination at a serum dilution of 1 in 32, rising 
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to I in 64 three days later. Another blood examination 
on the day she left hospital, 11 days after her admission, 
showed Hb 12 g./100 mi., a white cell count of 14,800 
per c.mm. of which 45% were neutrophils, 35°4 lympho- 
cytes, 18% monocytes and 2% abnormal lymphocytes. 
Apart from two short bursts of fever, up to 100° F., her 
temperature was normal during her stay. On discharge 
from hospital her spleen could just be felt at the costal 
margin and the lymph nodes were much smaller. She 
was sent home to rest in bed, diagnosed as suffering from 
infectious mononucleosis. 

On November 11, 1954, she returned to hospital with 
enlargement of the cervical lymph nodes which had 
apparently occurred over a few hours. Some fever had 
been noted five days before. 

On examination she was pale and had very large 
fleshy lymph nodes in the right cervical region extending 
from behind the ear to the supraclavicular fossa. There 
was also enlargement of the nodes in the right axilla. 
The left cervical nodes were only slightly enlarged and 
no enlargement was felt in the inguinal regions. The 
spleen was enlarged to the level of the umbilicus but the 
liver could not be felt. The throat and middle ears were 
not inflamed. 

Blood examination soon after admission showed 
Hb 10 g./100 ml. and a white cell count of 8,200 per 
c.mm.; bone marrow smears were normal. Further 
blood examinations during her illness showed a pro- 
gressive fall in red and white cells and a later fall in 
platelets; Fig. | shows some of these changes. Reticulo- 
cytes never made up more than 2% except on one occa- 
sion when they reached 4% of the total red cell count. 
Four days after admission the lymph nodes were smaller 
but one from the right side of the neck was removed. 
Microscopical examination revealed that the general 
architecture of the node had been destroyed apart from 
some remaining cortical lymphoid follicles. In one part 
of the cortex was a wedge-shaped area of fibrosis con- 
taining scattered plasma cells. Elsewhere there was a 
mixed population of lymphocytes and plasma cells in an 
inconspicuous mesh of reticular cells, amongst which were 
scattered large, sometimes binucleated, mirror-imaged 
‘reticulum’ cells. Reticulin fibrils were increased. 

Fever began on November 22, the temperature remain- 
ing between 100° and 104° F., with rare falls to normal, 
until her death. No infective cause for this was found. 
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Fic. 1.—Haemoglobin and white count during final hospitalization. 


Blood cultures were negative and her serum did not 
agglutinate suspensions of Salmonella or Brucella 
organisms. In spite of the fever.the lymph nodes and 
spleen began to subside on December 2, the spleen 
being just palpable by December 9, and the lymph 
nodes very small. A further aspirate of bone marrow 
on December 13, contaified 27%, monocyte-like forms, 
13% lymphocytes, 41 % g polymerphonuclear white cells 
(with no excess of blast fon 18% normoblasts and 1% 
plasma cells. Many of the monocytic forms had in- 
gested red blood corpuscles, normoblasts, neutrophils 
and platelets (Fig. 2). A platelet count at this time was 
120,000 per cmm. A mild jaundice was noticed on 
December 22, and this increased steadily. By January 10, 
1955, she was extremely wasted and deeply jaundiced; 
the lymph nodes had again. enlarged to the size of marbles 
and the spleen and liver were easily felt. On January 13, 
a month since the last platelet count, the number had 
fallen to 14,000 per c.mm. and did not rise above this 
level again. At this time purpura and bruising appeared, 
followed by epistaxes and bleeding from injection sites. 
A direct Coombs test and a test of red cell fragility, 
both giving negative results, were not done until a few 
days before death, which occurred on January 21, 1955. 


Findings at Necropsy. The autopsy (A.C.H. No. 8/55) 
was performed 60 hours after death. The body was 
extremely emaciated, deeply jaundiced, with numerous 
petechial haemorrhages in the skin. The pleural and 
abdominal cavities contained clear orange effusions. The 
enlargement of the lymph nodes involved all groups, 





The numbered arrows indicate pints of transfused bloed. 


the cervical and axillary glands being most affected and 
the lower abdominal and inguinal nodes least. The cut 
surfaces of the glands were firm, pink to brownish purple 
with ill-defined yellow areas of necrosis. A few nodes 
were uniformly yellowish. The gr eatly enlarged spleen 
weighed 260 g., the serosal and cut surfaces showing 
irregular shaped yellowish areas up to 0-S-cm. in diameter, 
scattered over a dark purple background. The liver was 
enlarged and pale fawn, weighing 670 g. The sternal 
marrow was pale. The lateral muscles of the right 
thigh were soft and greyish, the overlying subcutaneous 
tissue haemorrhagic and the skin vesiculated, these 
changes being considered due to haemorrhage and infec- 
tion at the site of injections. Both middle ears, but 
particularly the right, contained greenish pus from which 
a Proteus organism was isolated. Other organs showed 
no abnormalities apart from the effects of jaundice and 
anaemia. 

Microscopically, identical Shanes were found in the 
lymph nodes and spleen. T he architecture of the organs 
was largely replaced by a loose-textured: moderately 
cellular. tissue in which there was much haemorrhage 
and coagulation necrosis, The necrotic areas, par- 
ticularly in the spleen, resembled small infarcts. The 
cellular areas consisted of a loose apparently syncytial 
reine of reticular Ee Daving oval vesicular 


to ine and many ‘of which contained a "elis ànd 
nuclear debris (Fig. 3). Another conspicuous but less 
numerous element was a giant cell having a large and 
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Fic. 2.—Bone marrow smear, showing a large phagocyte containing 
two red blood corpuscles, two normoblasts and platelets. 
(Giemsa x750.) 





Fic. 3.—Lymph node, showing reticular arrangement of histiocytes. 
(H. and E. x 330.) 





Fic. 4.—Eymph node, showing necrotic areas and densely staining 
giant cells. nuclei of the giant cells. 
(H. and E. x 150.) (H. and E. x 330.) 
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hyperchromatic nucleus and a small amount of eosino- 
philic or occasionally. basophilic cytoplasm (Fig. 4). 
The nucleus of the cell was commonly irregularly notched 
or folded, and if, as sometimes occurred, several nuclei 
were present these were closely packed together and 
unequal in size (Fig. 5). Transitions between these 
three main types of cell. could be seen. Phagocytosis by 
the giant cells was not observed. Moderate numbers of 
mitotic figures were found, mostly in large cells. Mixed 
with this meshwork of histiocytic cells were small 
numbers of lymphocytes and many plasma cells and 
plasmablasts. A notable feature of the abnormal 
tissue was the large number of thin-walled blood vessels. 
In the lymph nodes the peripheral sinuses were usually 
preserved and contained many macrophages. In the 
spleen a few lymphoid follicles remained. 

The sternal marrow showed. almost complete replace- 
ment by tissue similar to that in the spleen and lymph 
nodes, except that giant cells were rare. 

The liver had undergone a ‘moderate degree of fatty 
change and congestion, and in addition contained 
occasional small haemorrhagic and necrotic foci of 
histiocytes and giant cells. Similar groups of tumour 
cells were found in the suprarenal cortex. Phagocytosis 
of red cells by Kupffer cells was present throughout 
the liver. 

Other organs contained no dapan changes. Perl's 
stain for iron revealed much haemosiderin in the spleen 
and Kupffer cells, but very little in the lymph nodes. 
Reticulin fibrils were increased in the lymph.nodes. 


Discussion 


The clinical and pathological findings _ in this 
case conform in every way to the previous descrip- 
tions of the disease, except for the age of the patient. 
It is not proposed here to discuss the relation of this 
condition to other reticuloses; ; the pathological 
findings in the reticulo-endothelial organs are, 
however, quite singular. Nevertheless, the histo- 
logical changes in the cervical lymph gland of the 
present case were considered by several pathologists 
to be typical of classical Hodgkin's disease, appear- 
ances which were to be completely replaced by the 
time of death two months later. 
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The relapsing nature of the illness also calls for 
attention, indicating that the course of the disease 
cannot be fully explained by neoplastic prolifera- 
tion. The sudden enlargement of the spleen and 
lymph nodes may have been partly due to vascular 
engorgement rather than cellular proliferation 
alone. The equally sudden return of these organs 
to relatively normal size is hard to explain on other 
grounds. 

The preliminary diagnosis of infectious mono- 
nucleosis could not be maintained, particularly as 
the Paul-Bunnell tests were performed with non- 
absorbed sera. 

The rapid fall of the haemoglobin level following 
transfusions (see Fig. 1) suggested that the anaemia 
was due not solely to replacement of the bone 
marrow and this was confirmed pathologically 
by the discovery of widespread erythrophagocytosis 
and haemorrhage. 


Summary 


A girl of 44 years presented with enlargement of 
the cervical lymph nodes and spleen, followed by 
anaemia, leucopenia, fever and enlargement of the 
liver. Jaundice, thrombocytopenia and a bleeding 
tendency appeared terminally. | ; 

A lymph node removed during life showed appear- — 
ances typical of Hodgkin’s disease but at death the 
reticulo-endothelial system was replaced by a 
proliferation of phagocytic histiocytes and giant 
cells. 


I am grateful to Dr. Malcolm Cockburn for the use 
of the case record and to the Board of the Adelaide 
Children’s Hospital for permission to publish the 
material. Thanks are due tc Mr. Ray Boyd for the 
preparation of the illustrations. 
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Man raay survive resection of surprisingly large 
amounts of the small intestine. As little as 7 in. of 
jejunum and ileum may be sufficient to support life, 
atleast fora time (Jackson, Linder and Berman, 1951), 
and a large number of patients have survived less 
extensive resections and have remained well (Flint, 
. 1912; Heymond, 1935; West, Montague and Judy, 
1938: Athausen, Uyeyama and Simpson, 1949). 
These observations have been made in adults and 
the results of extensive resections in children during 
the growing period are less certain. Such opera- 
tions aresnfrequently carried out and there is a high 
immediasxe postoperative mortality (Benson and 
Sharpe, 1950). Children may, however, survive 
resection: of large amounts of the small intestine 
(Blayney. 1901; Flint, 1912), and two infants have 
recently seen recorded whose growth and develop- 
merit were normal after resection of all but 26 to 
28 cm. cf jejunum and ileum (Pilling and Cresson, 
1957). 
= The parpose of this paper is to describe a child 
who had an extensive resection of the distal small 
intestine soon after birth. She later developed 
a mid megaloblastic anaemia associated with severe 
Biz deficiency and required treatment with vitamin 
Biz. Her growth and development have been 
otherwise normal up to the age of 24 years. 


Materials and Methods 
 Haemazological methods were those described by 


O Dacie (1656); serum vitamin B,, levels were measured 


by. microsiological assay using the Z strain of Euglena 
gracilis, ececording to the method described by Hutner, 
Bach ane - Ross (1956); glucose tolerance tests were 
ied mat as, described by King and Wootton (1956). 

JancgS were carried out over a continuous nine- 








ie yr The child was given a diet containing 

rately 30 g. of fat daily. After a preliminary 
of three days, the stools were collected over 
successive three-day periods and the fat content was 
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estimated by the method of Van de Kamer, Huinink and 
Weyers (1949). 

Absorption of radioactive vitamin By was measured 
by the modified faecal excretion technique described by 
Booth and Mollin (1956). The test dose of vitamin B,, 
was | ug. and was given with 50 mg. of a potent intrinsic 
factor concentrate. . 


Case Report 


V.R., a female infant, was born at term on March 31, 
1957, after a normal pregnancy (birth weight 7 Ib. 5 oz. ). 
Soon afterwards she developed signs of intestinal cbstruc- 
tion and was admitted to West Herts Hospital under the 
care of Dr. M. E. Edmunds. Laparotomy was per- 
formed on the 20th day of life and revealed congenital 
malrotation of the gut with volvulus and extensive 
gangrene of the small intestine. Approximately four- 
fifths of the distal small intestine were thought to have 
been removed, end-to-side anastomosis being performed 
between the jejunal stump and the mid-transverse colon. 
The terminal ileum was closed just proximal to the ileo- 
caecal valve. After an initial period of severe vomiting 
and diarrhoea, she recovered from the operation, 
breast feeding was established and she gained weight. 

At the age of 3 months she attended The Hospital 
for Sick Children, Great Ormond Street. At this time 
she was passing two to five bulky fluid stools daily. 
She weighed 9 Ib. 4 oz., and apart from some abdominal 
distension, no abnormality was found on examination. 
She continued with breast feeding and supplements of 
vitamins A, C and D by mouth. By the age of 6 months 
her weight (15 1b.) was above the 10th percentile level. 
Although she continued to have diarrhoea, her weight 
increased at a normal rate until she was 10 months old, 
when she weighed 19 Ib. (Fig. 1). During the ilth 
month, however, there was a gradual diminution in the 
frequency of her stools; she began to vomit after her 
feeds and she lost weight. She was then admitted to 
The Hospital for Sick Children at the age of 11 months 
under the care of Dr. P. R. Evans. 


Clinical Examination. This. revealed a thin child 
(weight 16 Ib. 10 oz.) with generalized abdominal 
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VITAMIN Biz PARENTERALLY 


AGE — MONTHS 


Fic. 1.—-Weight chart of patient V.R. after extensive resection of the 


distal smal intestine. Vitamin By. was given parenterally after the 


thirteenth month. The lines representing the lOth and 90th 
percentile are also shown (Tanner, 1958). 
distension. No peristalsis was visible. There was no 


glossitis nor angular stomatitis. The skin was normal 
and the central nervous system showed no abnormalities. 


Investigations. These revealed Hb 12-1 g. % and 
R.B.C, 4-0 M. per c.mm.; serum electrolytes: Na 140, 
K 4:2, Cl 102 and HCO, 26 mEq./litre. Stool cultures 
were repeatedly negative for pathogenic organisms. 
Plain radiographs of abdomen showed gross gaseous 
distension with fluid levels in both colon and small 
intestine. 


Treatment and Progress. She was first given oral 
neomycin (20 mg./Ib. body weight in divided doses), 
but withovt improvement in her condition. The 
vomiting, periods of constipation and the radiological 
evidence of fluid levels in the bowel suggested a diagnosis 
of subacute intestinal obstruction. A further laparotomy 
was therefore performed on March 19, 1958, but although 
the whole of the large bowel and the jejunum immediately 
proximal to the anastomosis appeared dilated, no 
organic obstruction was found. The remaining small 
intestine consisted of the duodenum and approximately 
30 in. of jejunum, the end of the jejunum being anas- 
tomosed to the middle of the transverse colon, thereby 
short circuiting the caecum, ascending colon and proxi- 
mal half of the transverse colon. Nothing further was 
done and the abdomen was closed. | 

Her condition continued to deteriorate after this 
operation. Her weight fell steadily (Fig. 1), vomiting 
continued intermittently and her stools were bulky and 
irregular. However, barium meal showed the small 
intestine to be normal, the barium passing into the colon 
in one and a half hours. A barium enema outlined the 
dilated colon but some of the barium remained for five 


ARCHIVES OF DISEASE IN CHILDHOOD 


800. 





SERUM Bo CONCENTRATION 


th 
“4 


BODY WEIGHT 









$ 
40 

E 

E FO 

3 RED CELLS Z 
LO l R RETICULOCYTES i 





~ ; 5 
19 20 3O iO 20 30 
JUNE JULY 


1 20 30 16 20 36 10 36 30 
MARCH APRIL. MAY. 
Fig, 2.-—Serum Bye concentration, body weight, red cells and reticulo- 

cytes before and after treatment with vitamin By». 


days in the short-circuited ascending colon and caecum, 
indicating stasis in this loop. 

By May 1958, at the age of. 13 months, her weight 
had fallen to 15 Ib. (Figs. 1 and 2). Haematological 
investigations now revealed a mild macrocytic anaemia 
(Hb 11-0 g. %; R.B.C. 3-7 M. per c.mm.) and the 
bone marrow was megaloblastic. Her serum B,, con- 
centration was 25 uug. per mi. (normal range 140 to 
uug. per ml). Intestinal function tests were carried 
out at this time and are shown in Fig. 3. Her absorption 
of glucose was normal but she had steatorrhoea (mean 
fat absorption 82% on diet of 30 g. per day} and she 
was unable to absorb any of the test dose of vitamin 
B, (Fig. 3). | 


Response to Vitamin B,.. She was treated with intra- 
muscular injections of vitamin B, (100 ug. daily for 
nine days, then 100 ug. every two weeks). Her initial 
response to this treatment is shown in Fig. 2. Vomiting 
ceased within 24 hours of the first injection and her 
weight began to increase. Her reticulocytes rose to 
9% on the sixth day and the marrow became normo- 
blastic. Although her red cell count. fell at first, possibly 
as a result of rehydration, it then rose to normal levels 
without other treatment (Fig. 2). 

Further investigations revealed no evidence of AoA 
deficiencies. Her total serum proteins were 7-0 g. 
serum Ca 8-8 mg. %, inorganic phosphate 5-6 mg. %, 
and alkaline phosphatase 24 King-Armstrong units. 
Skeletal ee revealed no evid 1 ce of rickets. 





Ib. in y divided doses for six < dave. "There racy no improve- 
ment in absorption of either fat or B,, following this 


treatment (Fig. 3). 
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ed Fro. $a Imestinal function tests before and after chlortetracycline 


as Xaureomrcin) and after refashioning of the jejuno-colic anastomosis. 


ei The figures for-fat absorption represent the mean absorption per day 
Ver Suecessives: 


three-day periods. Normal fat absorption should 
“be greater thas 90%. The lower limit of the absorption of radio- 
active By by control subjects is indicated by the interrupted line. 


Her weignt increased steadily, although her stools 
were unchanged, and she weighed 19 Ib. after two 
months” treatment with vitamin B,, (Fig. 2). A further 
laparotomy was performed on July 30, 1958 (Mr. G. H. 
Macnab). The jejuno-transverse anastomosis was un- 
done, anc am end-to-end anastomosis was made to the 
caecum. Dering this procedure many adhesions around 
the jejunum were broken down. The jejunum appeared 
Slightly. hypertrophied immediately proximal to the 
anastomosis. but the remaining small bowel was of 
normal calisre. A biopsy taken from the lower end 
of the jejusum showed normal mucosa, but some 
hypertrophywf the muscle coats. 

‘She recovered well from this procedure and continued 
to improve, although a fat balance revealed more marked 
_ Steator*hcea. than before the operation (mean fat 
absorption =2°% on diet of 30 g. per day). Her glucose 
absorption Enon normal, but she was still unable 
to absorb vi.amin B, (Fig. 3). 

After this operation she received a diet usual for her 
age with restriction of fat to 30 g. per day, together with 
oral supplements of vitamins A (7,000 units daily), 
B (Becesym 1 dram daily) and D (1,000 units daily). 
o She was alsc given vitamin B,, intramuscularly (100 ug. 
> every two weeks). Her subsequent progress is shown 
in Fig. 4. Ev 20 months her weight was above the 10th 
percent: ile ara her development has continued normally. 
< Now, ai the age of 2} years, she weighs | vas 51b., a normal 
weigh t forherage. Her Hb is 10-9 g. % and she remains 
“well, i she still passes three bulky stools daily. 














Discussion 









Estimatigas gf the amount of small intestine 
“remaining | Atef resection are notoriously inaccurate 
(Flint, 1%" At our patient's first operation, it 
was. conaktened that four-fifths of the small intestine 
had been removed. The remaining intestine was 


» 
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measured at a later laparotomy and was found to 
consist of approximately 30 in. of jejunum. The 
exact length of the small intestine in an infant is 
not certain and the proportion of the bowel remain- 
ing in this patient is therefore not known, but in 
this case 30 in. may possibly represent between a 
quarter and a third of the total small intestine. 

The type of malabsorption from which she 
suffered was characteristic of an extensive resection 
of the distal small intestine (Booth, 1958). Since 
some of her proximal intestine remained, she ab- 
sorbed glucose normally, for glucose is rapidly 
absorbed from the upper small intestine (Verzar and 
MacDougall, 1936). Her remaining intestine was 
apparently only sufficient to absorb between 52 and 
82%, of her dietary fat and she therefore had 
Steatorrhoea, suggesting that fat is normally 
absorbed more distally than glucose in the small 
intestine. Her inability to absorb vitamin B,» is in 
keeping with the resection of the distal small 
intestine, for Bs is absorbed in the ileum in man 
(Booth and Mollin, 1959), 


Stagnant loops of bowel may sometimes play a 
part in causing malabsorption (Cameron, Watson 
and Witts, 1949: McIntyre, Sachs, Krevans and 
Conley, 1956; Halsted, Lewis and Gasster, 1956), 
but do not appear to have been a factor in this case. 
In patients with such loops, malabsorption is 
frequently improved by a course of oral broad 
spectrum antibiotics (Mollin and Baker, 1955: 
McIntyre ez al., 1956; Halsted et al., 1956: Booth 
and Mollin, 1957) or by operations which remove 
or correct the loop (McIntyre ef al., 1956). Our 
patient’s absorption defects were not improved by 
antibiotics, nor by the removal of the short circuit 
at her last operation, and it seems unlikely that the 
short-circuited area of colon contributed to her 
malabsorption. The reason for her deterioration 
in fat absorption after this operation is uncertain, 
but it may be that the breaking down of adhesions 
around the lower jejunum resulted in more rapid 
passage of food through the remaining small 
intestine. 

For the first 10 months of life her growth was 
normal, suggesting that she was able to absorb 
or derive from tissue stores sufficient nutrients to 
maintain normal development during this time. 
Since she was unable to absorb vitamin Bypo, it is 
not surprising that she ultimately developed B,» 
deficiency. The delay in onset of this deficiency 
was presumably due to the time required to exhaust 
the stores of vitamin B} in liver and other tissues, 
a situation which is analogous to the delayed develop- 
ment of B, deficiency after total gastrectomy 
(Pitney and Beard, 1955). The symptoms and 
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signs in our patient were different from those 
usually found in adult patients with Addisonian 
pernicious anaemia. She had vomiting, constipa- 
tion and signs suggestive of intestinal obstruction, 
and she lost weight steadily. There were no neuro- 
logical signs suggesting subacute combined degenera- 
tion of the cord or peripheral neuritis. Despite her 
very low serum Bọ level, she was not markedly 
anaemic, her red cells never falling below 3-0 M. 
per c.mm., although her sternal marrow was megalo- 
blastic. 

Her full and complete response to parenteral 
injections of vitamin B,2 suggests that although she 
had marked steatorrhoea, the only deficiency state 
she had developed was By. deficiency. This 
observation is supported by the absence of hypo- 
proteinaemia, her normal prothrombin time and 
the lack of evidence of rickets. Since she has 
continued to grow normally whilst receiving only 
vitamin B} parenterally, she appears to be absorbing 
the other nutrient factors required for growth and 
development. These factors, including the vitamins 
other than B,., must therefore be absorbed in the 
proximal small intestine or colon. 

It is not certain whether there is any compen- 
satory improvement in intestinal function in children 
after extensive resections, although adults may show 
a progressive increase in absorptive capacity 
following such operations (Althausen, Doig, 
Uyeyama and Weiden, 1950). It is said that the 
mucosa and muscle of the remaining gut typically 
hypertrophies (Flint, 1912; Jackson, 1958), but 
this does not always occur (Shonyo and Jackson, 
1950; Shelton and Blaine, 1954) and in animals 
the site of the resection may play a part in deter- 
mining whether there is hypertrophy of the remain- 
ing small bowel (Booth, Evans, Menzies and Street, 
1959). In our patient, the barium follow-through 
showed no evidence of hypertrophy of the small 
intestine, but at laparotomy the lower jejunum was 
found to be hypertrophied. It is uncertain whether 
this was due to partial obstruction by the many 
adhesions found in this area at her last operation, 
or whether there has been hypertrophy which was 
compensatory to the loss of intestinal length. It 
seems unlikely that she will recover the ability to 
absorb vitamin B,. and treatment with vitamin By» 
by injection is to be continued indefinitely. 

The observations in this patient illustrate the 
importance of the distal intestine in the absorption 
of vitamin Bjo. They also support the conclusion 
that patients who have undergone resection of the 
ileum should either be kept under close haemato- 
logical supervision or be treated with prophylactic 
injections of vitamin By». 
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Summary 


Extensive resection of the distal small intestine 
was performed in a child soon after birth. Her 
growth was normal until she was 10 months old — 
when she began to vomit and lose weight. At 
the age of 13 months she was found to have a mild 
megaloblastic anaemia and her serum Bo concen- 
tration was very low. She improved dramatically 
after treatment with parenteral B; and her growth 
and development have been normal to the age of 
24 years. 


We wish to thank Dr. P. R. Evans and Mr. G. H. 
Macnab for permission to record details of this patient 
who was under their care in The Hospital for Sick 
Children, Great Ormond Street; we are also indebted 
to Dr. D. L. Mollin for his encouragement and advice, 
and for permission to quote the results of vitamin B, 
studies carried out in his laboratory at the Postgraduate 
Medical School. 
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Recently our knowledge of bilirubin metabolism 
has increased considerably. Perhaps the most 
stimulating discovery has. been that bilirubin is 
excreted in the bile as a glucuronide (Billing, Cole 
and Lathe, 1957; Schmid, 1957). This has made 
it possible to classify some rare types of chronic 
jaundice more definitely. ‘One of these, chronic 
non-haemolytic familial jaundice, was described 
many years ago by Gilbert and Lereboullet (1901). 
Arias and London (1957) concluded from in vitro 
experiments with liver tissue. that the cause of this 
disease was a defect in. glucuronide formation. 
The inability to form glucuronides is also present 
in the much more severe type of inherited chronic 
jaundice with kernikterus described by Crigler and 
Najjar (1952) (cf. Axelrod, Schmid and Ham- 
maker, 1957). 

Neonatal jaundice also baon to this group, 
characterized by insufficiency of glucuronyl-trans- 
ferase in the liver (Dutton, 1959), but, in contrast 
to the diseases mentioned above, is a passing 
phenomenon, present only. in the newborn. period 
(Vest, 1958; Vest and Streiff; 1959). 

There is another group of chronic non-obstructive, 
non-haemolytic jaundice. in which no such defect 
in glucuronide formation is present. In consequence 
a substantial percentage of ‘direct’ reacting bile 
pigment is found in the serum, and bilirubin spills 
over into the urine. This group includes the form 
named chronic idiopathic” jaundice (Dubin and 
Johnson, 1954), which is conspicuous by the presence 
of a pigment similar to lipofuscin in the liver cells 
(cf. Dubin, 1958). Clinical symptoms are fluc- 
tuating jaundice, episodes - of abdominal pain, 
nausea, vomiting, enlarged liver and dark urine. 
Bromsulphalein retention is greatly increased. 

A few reports have appeared on a syndrome 
similar to the Dubin-Johnson syndrome, where the 
characteristic pigment was missing on examination 
of the liver tissue (Rotor, Manahan and Florentin, 





1948; Schiff, Billing and Oikawa, 1959; Haverback 
and Wirtschafter, 1960). There are some other 
small differences in symptomatology from the Dubin- 
Johnson syndrome. Most important of these are the 
absence of attacks of abdominal pain and the fact 
that the gall bladder can be easily seen on oral 
cholecystography. Only six patients with this 
syndrome have been described in the literature so 
far, to our knowledge. This makes it difficult to 
decide if the observed differences are constant 
features of this disturbance of bile pigment meta- 
bolism or if they are a variation of the pigmented 
type of chronic idiopathic jaundice. 

The patient described here seems to belong to the 
non-pigmented group and is presented in the hope 
of further clarifying the picture of this pigmentless 
type of chronic non-haemolytic: jaundice without 
insufficiency of glucuronide formation. 


Case Report 


W.M., a a T-year-old girl, ‘born in 1952, is the only 
child of a. family from southern Switzerland. The 
family history gives no indication of liver or blood 
disease; the PeT ‘was normal and the child’s 
birth weight was 3,270 g. At the age of 4 weeks the 
mother observed a yellow tinge in the skin and this 
slightly icteric appearance has persisted. It is visible 
especially | in the sclerae, but at. times it increases in 
strength to an overt jaundice. When this happens the 
child is tired and anorrhexic, but there is no abdominal 
pain. Sometimes during these attacks the stools are 
paler than normal and the urine is dark. After a few 
days these symptoms subside. At the age of 13 months 
and 16 months the girl was seen by a paediatrician who 
found no abnormalities apart from icteric sclerae. Liver 
and spleen were not enlarged, Hb was 67% and 76% 
respectively. At the age of 28 months the aaa was 
admitted to our hospital because of pe 






First Admission. On admission skin “Ma sclerae 
were icteric. The liver was ‘palpable one finger-breadth 
below the costal margin; the spleen was not enlarged. 
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CHRONIC NON-HAEMOLYTIC JAUNDICE 


Haematolegical studies showed no abnormalities with 
the exception of a slightly higher proportion of smaller 
cells thar normal in the Price-Jones curve. Several 
times the fragility to hypotonic saline solutions was a 
little increased, total haemolysis occurring at from 0-49 
to 0-5135.. These features were not persistent, however, 
and om other occasions normal values were observed. 
The disec: Coombs test and indirect antiglobulin tests 
for antibodies were negative. Serum bilirubin level was 
high and varied between 7:2 and 4:2 mg. % with a 
moderate to strong direct van den Bergh reaction. 
Urobdinogen level in the urine was also high, but 
surprising?y no bilirubin could be detected in the urine 
with the raethod used at that time. 

Extre-hepatic obstruction was thought unlikely from 





_. the beriga course and from the normal aspect of the 
oo faeces. Also, on duodenal aspiration, normal enzyme 
_.. activity (trypsin, diastase and lipase) was present in the 


duodenal secretion and A, B and C bile of normal 
appearence and in normal amounts could be aspirated. 
Other laboratory findings are shown in Table 1. 

Because of the slightly increased red cell fragility and 
spheracytasis a mild form of hereditary spherocytic 
anaemia was assumed at that time, despite the rather high 
bilirubin concentration in the serum and the fact that no 
abnormalities were found in the parents. 





Second Admission. In 1959, at the age of 73 years, 
the patent was readmitted for further studies because of 
her persistent slight jaundice witu occasional exacer- 
bation. €n admission the height was 120 cm. and body 
weight 23:7 kg. There was a reddening of the throat 
and a throat culture produced haemolytic streptococci. 
The antistreptolysin titre was 1:320. Otherwise physical 
examination was negative, except for the icteric sclerae. 
Liver and:spleen could be felt at the costal margin. 


TABLE Í 
LABORATORY FINDINGS 









imwestigations 1955 1959 
Haemogbbiz 872% ; 90% 
Red ceil: tillions/mm. 3 TE 4-36 4-26 
Colouriedes ., i ae 1-0 : 1-07 
Anisocetosig .. ae a slight slight 
Leucocytes ser mm." .. a 7,300 9,150 

Neutrephds stab .. sal 7-5 15-5 
Neutre phils segmented Jai 22-5 ; 55 
Neutrephits eosinophil.) 0-5 
Neutrophiis basophil Sis ve ; == 
Monocytes as os 12:0 5-0 
Lymphocytes she 58 23-5 
Plasma ces ., ive ae one T 5 
Reticuloeytes ™% : 35 | +3 
Plateles 286,000 81 000-160 „9000 
 ~Haematceri: % .) 43 
- Ratio cf red<ells to white cells | | 
. in bene:marrow e 26/100 | 12/100 
Price-Jones carve Ta yal slight s shift to left | normal 
Osmotic fragility: | 
beginningeof haemolysis ..) 0-45 to 0-53% | 0-49 % 
total haemolysis ..-, 0:39 to 0-41% | 05337, 
Direct Coombs test i negative negative 
Indirect 2 negative 
Auto-antibe: : negative 
Wassermane re sal negative 
Prothroendeioly - met 80-100 2% 40-100 %, 
Coaguiatort a vet 5 min. i 3 min. 
Biche tirme E (sec. JE “Ge TE 45 | 90 
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TABLE 2 
LIVER FUNCTION TESTS 
Investigations 1955 | 1960 

Serum bilirubin (mg. Sa 4:2-72 i 3°7-5-0 

Direct + 2-2-3-5 
Cholesterol (mg. % | 177 

Esters | 12 
Total protein (g. 8) ; 5:3-6-7 
Serum iron (ug. %) a 116 
Blood sugar (mg. %) Ba 
Serum alkaline phosphatase ; | 12 
Takata-Ara i ni (+) i ~j- 
Cadmium reaction pi i trace 
Thymol turbidity, units 2°3 
Transaminase: | 

SGOT, units . j 29 

SGPT, units .. j 12 
Galactose tolerance .. normal | normal 
‘Bromsulphalein’ retention nee 51% and 48% 
Hippuric acid test d e| oo | low normal 
NAPA-test for gl ucuronide | 
T formation .. — | normal 

rine: 

Urobilinogen oe increased i 4-9 meg./24 hrs 

Bilirubin : zat | 0-62 mg./24 hrs 

rie i ae rin wit trace 

Melanin i a ee negative 
Duodenal fluid: ; H 

Trypsin normal normal 

Diastase normal normal 

Lipase normal normal 





Bioop Finpincs. The red cell count was 4-26 million, 
Hb 89% and colour index 1-07, Some anisocytosis was 
discernible. ‘Reticulocytes 1°3%; white cell count 
9,150 per c.mm. The differential count and additional 
haematological data are listed in Table 1. 


Liver FUNCTION (Table 2). Takata-Ara reaction was 
one plus; cadmium, a trace; thymol-turbidity 2-3 units; 
total serum protein 5-35 and 6-7 g. %. Paper electro- 
phoresis revealed albumin 48%, æ -globulin 5-8%, 
Aa 11:6%, B 13:4%, and y-globulin 21-2%. The 
increase in y-globulin was probably produced by the 
existing throat infection. Serum transaminase glutamic 
oxalacetic, 29 units; glutamic pyruvic, 12 units; serum 
alkaline phosphatase, 12 units; cholesterol, 177 mg. %; 
cholesterol esters, 72%. The prothrombin activity was 
40°, on admission, but afterwards, on repeated deter- 
minations, was always normal. 

Serum bilirubin determination (methods of Jendrassik 
and Gróf, 1938; Maloy and Evelyn, 1937) gave 
values between 5-0 and 4-1 mg. °% for total bilirubin, 
the direct reacting pigment being 3-5 to 2-2 mg. %. 
Paper chromatography of the serum by the method of 
Schmid (1957) showed two bands of azoderivatives with 
an Rf of 0:46 and 0-58. 


Urine. Urines generally were rather dark in colour. 
Urobilinogen excretion (average of two 24-hour collec- 
tions) amounted to 4-86 mg. per day and therefore was 
greatly increased (method of Schwartz, Sborov and 
Watson, 1944). As expected from the increased amount 
of ‘direct’ reacting bile pigment in the serum, some 
bilirubin was excreted in the urine (0-62 mg. per 24 
hours) (method of With, 1942). Only a trace of porphy- 
rin was found and a qualitative test for melanin was 
negative. Amino-nitrogen excretion was normal (31 mg. 
per 24 hours) and the amino-N-coefficient was 1-7. 
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Sroors. The stools were of normal colour. The 
faecal urobilinogen excretion (average of two 24-hour 
collections) was 32-25 mg. per day, a value that is normal 
for this age group (method used for estimation, 
Schwartz et al., 1944). The total bile pigment excretion 
(stools and urine) in 24 hours amounted to 37-1 mg. 
The haemolytic index (calculating a blood volume of 
1,900 ml.) was 15. This normal value excluded an 
accelerated red cell destruction. The ratio of faecal 
to urinary urobilinogen was very low, 6:6:1 (the normal 
is about 100:1), showing that a much larger amount of 
urobilinogen was excreted by the kidneys than is normal. 


‘BROMSULPHALEIN’ Test. After intravenous injection 
of a dose of 5 mg. of ‘bromsulphalein’ (BSP) per kg. 
body weight, the retention in the blood 30 minutes later 
was 51%. On repetition of the test five weeks later, 
it was 48°% (normal at this age 0-1-5%). The dye was 
detectable in the duodenal aspirate 45 minutes after the 
injection, whereas it normally appears within the first 
15 minutes. The peak concentration of 66 mg. % in 
the duodenal fluid was reached after 70 minutes and 
two hours after the injection the concentration was still 
higher than 50 mg. %. Because of the difficulties in 
recording duodenal fluid volume it is not possible to give 
figures for absolute amounts excreted. In the urine 
14-6%, of the injected dose of BSP (125 mg.) was excreted 
in the first two hours after administration; the following 
portions contained progressively smaller amounts, but 
even 18 hours later the BSP concentration was still 
1-9 mg. %. The results of the test are shown in Fig. 1. 
In addition chromatography of BSP metabolites in the 
serum 15, 30, 120 and 420 minutes after injection by the 
method of Carbone, Grodsky and Hjelte (1959) gave 
values of 5-3%, 5-4%, 17% and 26% respectively for 
BSP conjugates. This indicates an increase in the 
percentage of conjugated BSP concurring with a decrease 
in free BSP. In the bile, apart from free BSP, up to 
three BSP-conjugated were present, with Rf-values of 
0-64, 0-57 ard 0:40. From these findings an impairment 
of ‘bromsulphalein’ excretion is evident which seems to 
be caused not so much by a deficiency of conjugation 
as of secretion. 


Hippuric Acip Test. After intravenous injection of 
1-5 g. benzoic acid the patient excreted 0-59 g. hippuric 
acid in the urine within the following one-hour period. 
In our experience this can be considered as a low normal 
result in a child of this age. Glycine conjugating ability 
seems not to be impaired to a great extent. 


GLUCURONIDE FORMATION. N-acetyl-p-aminophenol 
(NAPA) was used as a substance to test the ability of the 
patient to form glucuronides. After oral or intravenous 
administration this substance is conjugated at the 
hydroxyl-group and excreted as glucuronide and sulphate 
in the urine. In adults the recovery within 24 hours is 
about 70 to 80% of the dose administered. Estimation 
of free NAPA in the serum and urine (Brodie and Axel- 
rod, 1948) before and after hydrolysis with 8-glucuroni- 
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Fe., t.-—Bromsulphalein test; Upper part, concentration. of “brom- 
suiphalein’ in the serum after injection of BSP 5 mg. per kg. body 
weight. retention after 30 minutes, 51%; Middle part, amount of 
BSP excreted in the urine in four two-hour periods and. concentration 
of BSP in the urine at various intervals after injection; Lower part, 
time of appearance and concentration of BSP in the duodenal fluid. 


dase makes it possible to calculate the amount of NAPA 
conjugated with glucuronic acid (Vest and Streiff, 1959). 
Fig. 2 shows the results obtained with this test after 
intravenous injection of 240 mg. of N-acetyl-p-amino- 
phenol. Retention in the serum was 7:6% after six 
hours (normal values are less than 10%). The curve 
showing the concentration of NAPA-glucuronide at 
various time intervals also takes a normal course. The 
girl excreted in the urine 72-7% of the dose injected 
within 24 hours. Of this 10-8% was in the free form, 
45% conjugated with ghicuronic acid and the rest with 
sulphate. Fig. 2 also shows the increase of glucuronic 
acid in the serum, which occurred after administration 
of NAPA, On the other hand this load did not influence 
the level of the serum bilirubin. The excretion of 
glucuronic acid (estimated by the method of Dische, 
1947) in the urine amounted to 57 nag. per 12 hours 
during a control period. After the Mection of the 
NAPA it rose to 177 mg. in the first 12-hotwgper 
to 107 mg. in the second. These findings skow that 
glucuronide formation is not deficient in this patient. 
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FiG, 2.—Test tor the ability of the liver to form glucuronides; Upper 
part, concenteation of glucuronic acid and total bilirubin in the 
serum at varicus times after injection of N-acetyl-p-aminophenol in 
a dose of 10 mg. per ke. body weight; Lower part, concentration of 
total p-aminoshenol, free N-acetyl-p-aminophenol and p-amino- 
phenol-glucurenide in the serum after the NAPA load. 


RADIOGR2PHIC EXAMINATION. An oral cholecysto- 
graphy wita four tablets of iopanoic acid (Cistobil 
- *Cilag’) showed a well-filled gall bladder shadow. After 
ingestion of egg-yolk a contraction of the vesicle was 
clearly visibee. 





Liver Biersy. A liver biopsy was performed, using 
a  Menghirī needle (Menghini, 1958). Histological 
ior* revealed normal liver tissue with an un- 

bwar hepatic structure. There was no increase 
in connective tissue in the portal tracts. The small bile 
ductules were not dilated and there were no bile thrombi 
“in the bile capillaries. Glycogen was present in the 
liver cells im normal amounts. No abnormal pigmen- 
tation was seen either in the liver or in the Kupffer cells. 





Discussion 


This patent presented the following symptoms: 
a chronic jaundice with a serum bilirubin level 
ea 4 and 3 mg. %, 50 to 70°% of which reacted 


oo in the van den Bergh reaction; a normal 








. oe soa F. Roulet performed the examination of the liver 
biopsy spennan. 
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urobilinogen excretion in the stools but an increased 
amount of urinary urobilinogen and bilirubinuria; 
a markedly impaired BSP test, apparently without 
gross deficiency of conjugation; a low normal 
hippuric acid test; a normal glucuronide formation 
in a N-acetyl-p-aminophenol loading test; no 
evident signs of hepatocellular damage (normal 
flocculation-tests, normal prothrombin, normal 
transaminase, etc.), and a liver biopsy showing no 
alterations. 

The absence of anaemia and increased erythro- 
poiesis, the normal amounts of urobilinogen in the 
stools and the considerable concentration of 
‘direct’ bilirubin in the serum indicate that the 
icterus is not haemolytic in origin. 

An incomplete biliary obstruction should lead to 
reduced faecal bile pigment. In addition, some 
signs of liver damage would be expected after an 
obstruction of this duration, but were not present 
in this patient. The results of the liver biopsy and 
the prompt filling of the gall bladder on cholecysto- 
graphy also rule out a biliary obstruction. 

Constitutional hepatic dysfunction (Gilbert’s 
disease) can be excluded on the basis of normal 
glucuronide formation, the occurrence of direct 
bilirubin in the serum, the bilirubinuria and the 
abnormal BSP retention. 

The case can be differentiated from chronic 
idiopathic jaundice (Dubin-Johnson; black liver 
jaundice) by the absence of the characteristic 
pigment in the liver cells and the filling of the gall 
bladder on oral cholecystography. The symptom 
of abdominal pain, so commonly found in the 
Dubin-Johnson disease, was also missing. It seems 
likely therefore that this girl belongs to the group of 
patients with non-haemolytic jaundice with con- 
jugated bilirubin in the serum, first described by 
Rotor et al. (1948), where no pigmentation is present 
in the liver cells. 

In contrast to the observations of Schiff et al. 
(1959) urinary urobilinogen excretion was increased 
in this patient. This corroborates Haverback and 
Wirtschafter (1960) who found high urinary 
urobilinogen levels in their two patients. Increased 
values of urinary bile pigment have also been found 
in chronic idiopathic jaundice with liver cell pig- 
mentation (Dubin, 1958). 

There is also some discrepancy with the findings 
of Schiff et al. (1959) with regard to the percentage 
of ‘bromsulphalein’ conjugates in the serum after 
BSP injection. They report 6% and 4%% respectively 
at 45 and oe minutes and we found 5-3% at 15 
minutes, 5:4% at 30, 17% at 120 and 26°, at 
420 minutes. From this it would seem that the 
percentage of conjugates increases with time. 
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Perhaps, as with bilirubin, there is no deficiency 
of ‘bromsulphalein’ conjugation but mainly of 
secretion and this leads to the diminished removal 
rate from the plasma. 

Nothing is known about the nature of the defect 
in this syndrome. Because an insufficiency of 
bilirubin glucuronide formation has been ruled out 
by all investigators, an impairment in the hepatic 
excretion of bilirubin glucuronide and a diminished 
uptake of bilirubin by the hepatic cells has been 
postulated (Schiff et al, 1959). The familial 
occurrence makes it possible that the defect is a 
genetic error of metabolism. Males and females 
can be affected. The condition seems to be com- 
patible with normal life as evidenced by the 
stationary state of health of Rotor’s original patients 
(Rotor, 1960) more than 12 years after their initial 
examination. 

Summary 

A case of non-haemolytic, chronic jaundice in 
a girl, 7 years of age, is presented. The pertinent 
findings were onset of jaundice at 4 weeks of age, 
serum bilirubin levels between 4 and 7 mg. %, 
50 to 70% of which gave a direct reaction, normal 
urobilinogen excretion in the stools, but increased 
urinary urobilinogen and bilirubinuria, ‘brom- 
sulphalein’ retention of 50%% after 30 minutes and 
low normal hippuric acid formation. The ability 
to conjugate with glucuronic acid in a N-acetyl-p- 
aminophenol loading test was normal. Oral 
cholecystography revealed a normal gall bladder. 
Other liver function tests were essentially normal. 
Liver biopsy showed a regular structure and appear- 
ance of the liver tissue without pigmentation. 
Chronic idiopathic jaundice (Dubin-Johnson syn- 
drome) could therefore be ruled out and the patient 
was Classified as a case of jaundice of the type 
described by Rotor et al. (1948). 
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The greet cerebral vein of Galen extends from the 


<i Junction o: the two internal cerebral veins under the 


~-spleniim ef the corpus callosum to the commence- 

-ment of the straight sinus. Arteriovenous 
aneurysms of this vein are rare congenital anomalies 
and only 22 cases have been found in a review of the 
literature. 

Other types of cerebral arteriovenous aneurysms 
are mot sọ unusual. Their true incidence has 
become mere apparent following the widespread use 
of angiography. Mackenzie (1953) estimated their 
occurrence as 1% of all neurological admissions. 
By way ofscontrast Paterson and McKissock (1956) 
found no example of great cerebral vein aneurysm 
in 119 cases of cerebral arteriovenous aneurysm, 
and the same is true of the series reported by Olive- 
“-€rona. and Riives (1948), Mackenzie (1953) and 
~ Potter (1935). These vascular malformations are 
-predominantly of two main types (Hamby, 1952). 
In the first type, there is a direct end-to-end con- 
Conexion between an artery and vein, and in the second 
a network: of poorly differentiated, non-capillary 
_ vessels intervenes between an artery and several 

veins, forming a mass of abnormal, dilated and 
`- tortuaus vessels which sometimes goes by the name 
of ‘angioma’ but is not generally considered to be 
neoplastic. In both types veins not directly in- 

-volved in ‘he malformation may become enlarged 
and tortueus in response to the raised venous 
pressure. The great cerebral vein, however, only 

shows: anearysmal dilatation when there are one 
_ or mere aknormal arterial vessels opening into it, its 
_- immediate tributaries or continuation. Other vas- 

cular maliormations of the brain may coexist. 

-These abnermal arterial vessels have arisen, in the 

-describ@i cases, from the posterior cerebral, pos- 
: terior com “nunicating, callosal and superior cere- 
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bellar arteries and from the choroid plexus of the 
third ventricle. 

Local and general effects may be exerted on the 
cardiovascular system as in other varieties of 
arteriovenous aneurysm, The general effects may 
be difficult to detect. They include a variable 
increase in pulse pressure, tachycardia, apical 
systolic murmur and evidence of some enlargement 
of the heart. The literature contains reports of 
two babies who died of heart failure associated with 
a cerebral arteriovenous aneurysm not involving 
the great cerebral vein (Silverman, Breckx, Craig 
and Nadas, 1955) (Table 2) and three cases asso- 
ciated with an arteriovenous aneurysm of that vein 
(Table 1, Cases 11, 13 and 14). One of these 
infants had coarctation of the aorta as well. 

The two cases reported here also died of heart 
failure associated with arteriovenous aneurysm 
of the great vein of Galen. 


Case Reports 


Case 1. S.F. was born September 15, 1959, by normal 
delivery at about 38 weeks’ gestation. The birth weight 
was 2,240 g. and the head circumference was 33 cm. 
Respiration was established immediately. 

Lower rib recession was noted 16 hours after birth 
and became more severe. The baby’s extremities 
became cyanosed, peripheral pulsations were poor, there 
was a soft systolic murmur and the liver became en- 
larged. The respiratory rate rose to 70 per minute. 
This picture of respiratory distress and early heart 
failure was complicated by the occurrence of head 
retraction and opisthotonus 30 hours after birth followed 
by twitching and frank fits. Fontanelle tension was 
normal. Blood calcium was normal. Blood glucose 
levels were persistently low, 23 and 15 mg. % in the first 
24 hours and never above 15 mg. % subsequently in 
spite of hourly glucose feeds. Lumbar puncture showed 
xanthochromic fluid under moderately increased pressure 
with 14,700 red and 75 white blood cells per cu. mm. 
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Author 





Steinheil (1895) 


Tagi. Forbes and Dandy a937) 
Jeger and Forbes (1946) 


Russell and Nevin (1940) 
Russell and Nevin (1940) 


Alpers and Forster (1945) 
Oscherwitz and Davidoff (1947) 


Lumsden (1947) 


Boldrey and Miller (1949) 


Boldrey and Miller (1949) 
Wolfe and France (1949) 


Pollock and Laslett (1953) 


Petit-Dutaillis, Guiot and Berdet (1953) 


Clément, Gerbeaux, evar oa 


Pertuiset and Petranca (1954) . 
Clément et al. (1954) 


Clément et al. (1954) 
French and Peyton (1954) 


French and Peyton (1954) 
French and Peyton (1954) 


French and Peyton (1954) 
French and Peyton (1954) 
Hirano. and Terry (1958) 


Gibson, ef al, (1959) 
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Tumour probably represented aneurysm of great vein 














‘dilated; sacculated aneurysm 


mal formation 


duct; large branches off both. 
malformations 

Atresia of int. jugular veins. 
mass of vessels 

Sup. callosal art. and post. cerebral arteries, branches 
aqueduct 

Choroidal artery and post. cerebral arteries, branches 
to aneurysm of great cerebral ' vein 

of Galen and branches of circle of Willis — 
Aneurysm on upper surface of tentorium attached to 
near great vein of Galen at junction of inf, sagitt. 


sinus and straight sinus; 7? small artery from 
choroid plexus of 3rd. ventricle l 


Branches of post. cerebral artery to aneurysm of” 
great cerebral vein; pulsatile mass of vessels behind Hae 


. right mastoid 


Post. communic, and post. cerebral. arteries connacted 
to great cerebral vein (angiogram) 


‘At least one artery entered aneurysm of great vein 
of Galen’ 


Post. cerebral and sup. cerebral arteries communie, 
with aneurysm of great vein. of Galen and sag. 


sinus: also vessels from int. cerebral veins, most of si 


supply vessels appeared to be thrombosed _ 


Branches of post. cerebral arteries to aneurysm of 


‘great vein of Gaien 


Feeding vessels to aneurysm of great cerebral vein - 


not identified; much thrombus 


Post. cerebral arteries communicn with aneurysm. of a 
great cerebral vein; also ‘very abnormal arterial E 


distribution’ 


Personal communication. on similar case 


Anterior cerebral artery group communic. with spite 


cerebral vein 


Abnormal mass of en on: /maäial side. Right 
cerebral hemisphere, communic. with great cerebral 
vein, ant. callosal artery enlarged 


Arteriovenous malformation near pineal with rapid 
filling of great vein of Galen:. abnormally large 
? left ant. cerebral artery 


Branches of post. cerebral arteries into much ate 


- great vein of Galen. 
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aneurysmäl sac near pineal, draining into dilated a 


great vein of Galen 


Branches of post. cerebral: arteriés seemed to end k 
blindly in wall of aneurysm of great cerebral vein i 


Branches of post. cerebral. artery to aneurysm of great -| 


cerebral vein, compressing aqueduct 


Arteriovenous aneurysm of both post. 
arteries and great cerebral vein 


Arteriovenous aneurysm of right. post. cerebral artery 
and great cerebral vein ee: 


Huge dilated great cerebral vein. pressing on ‘aque: 
post, cerebral — 
arteries into small cerebral veins; further vascular 


Left post. cerebral - 


artery branch to great cerebral vein; serpentine E 


to great cerebral vein; aneurysm compressed ` 


cerebral 
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Hydrocephalus; distended scalp 
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hydrocephalus 
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ee retraction 5 
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CEREBRAL VEIN OF GALEN | 





Associated | Cardiovascular Signs 


arte nnaman hintaan nnn e. z 


Mee at Diagnosis Surgery 2 | Outcome 








49 yrs 


Murmur and increased cardiac dullness after ‘flu at 
8 mths; bruit in neck at 27 mths, low blood pres- 
sure, anaemia; carotids dilated, also jugulars 


Carotid ligation Died ere 





£7 mths Decompression . 


None in life l ‘Di ed. 





18 yrs 


27 yrs _ Soft blowing systolic murmur | Craniotomy 


-mths Died 


16 mths ne | Carotid ligation; clipping of - Alive 


feeding arteries 
15 yrs 


21 yrs — | Torkildsen’s cperation Died 


4 days ‘Heart failure | = Died 


Alive 


Heart failure Died 


Died 
ie Died. 


_ Heart enlarged; coarctation of aorta | aene 
| Alive 


E = 2b mths Craniotomies:. divoke of 
. feeding arteries 





= 8, 12 yrs a | Clipping of feeding ariii a Alive 


DR yrs —_ | Clipping of feeding arteries. Alive 





Po th yrs Alive i S 


43yrs — | Craniotomy Alive 


o 28 mths 


i 
| 
: 
| 
| 
| 
ac _ Carotid ligation | Alive 
| 
| 
| 
i 
| 
i 
| 
| 
| Diet 





i i a 43 yrs 


a & days 


Anastomosis of Er theca Died 
! to peritoneum 


Eyanost, systolic murmur, neck pulsations, heart | e E Did o ae ae 
ailure | 


. Cyanosis, systolic murmur, neck pulsations 


, A Ba no oss pos Se ene eels E (apes iver tpn ne fepinancredognmannann)utanmmadrermeceiniitongiamicnemnmmem niet Arar TH VATE RR Me CATT ENEAN YA AERA AREA EAS AAAA ET ge Semin larly rn eR ANAN ana anamannan aana en a MTL A w 
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TABLE 2 


HEART FAILURE ASSOCIATED WITH CEREBRAL ARTERIOVENOUS ANEURYSM NOT ¢ 7 
INVOLVING GREAT CEREBRAL VEIN OF GALEN 
, 











| Presenting 
Author | Case Lesion and Arterial Supply | apes 
No. | or Signs 
Silverman 1 Right cerebral hemisphere al- | Dyspnoea; 
et al. (1955) most replaced by massive cyanosis 
vascular network penetrating 
right frontal bone; right | 
middle and post. cerebral 
arteries gave branches to com- | 
municate with dilated sup. 
sagitt. sinus 
Silverman 2 Large cirsoid aneurysm between | Respiratory 
et al, (1955) | middle cerebral artery and | distress; 
sigmoid sinus; large tortuous cyanosis; 
| vascular channels | shrill cry 


rd 














Age Age Associated 
at ae Cardiovascu_ar Surgery | Outcome 
Onset | Diagnosis Signs | 
s | = 
4 hrs | 1 day Systolic murmur; right -— Died 
carotid thrill; car- 
| diac enlargement and 
failure 
| 
| 
| | 
30 hrs 3 days Systolic murmur; ven- — Died 
| ous congestion; car- | 
diac enlargement | 
| | 











The cerebrospinal fluid glucose level was 30 mg. %. 
The opisthotonus improved markedly after the lumbar 
puncture but relapsed. The fits, some left sided, recurred. 
Neck pulsations became very vigorous. Venous con- 
gestion, further enlargement of the liver and peripheral 
oedema developed. Digitalization caused only a tran- 
sient and partial reversal of these signs. An electro- 
cardiogram showed digitalis effect and increased P 
waves and some evidence of left as well as of right 
ventricular enlargement. The baby died on the fourth 
day, in heart failure. Blood glucose levels had shown 
no sign of rising. 


ELECTROENCEPHALOGRAM. ‘The pattern of this record 
is that of a full term normal baby when awake and 
sleeping. There is perhaps a little more rhythmic 
activity at 15 c./sec. than usual but this may be accounted 
for by the prematurity. This activity is mostly seen 
when the baby is awake and is up to 25 uV in amplitude. 
When the baby is asleep there are repeated single or 
multiphasic sharp waves up to 250 uV in amplitude 
and up to duration 0:5 sec. These slow sharp waves 
are unilateral and occur simultaneously over all areas 
of the head and about equally on both sides’ (Dr. Ruth 
Harris). 


RADIOLOGY. Skull radiograph revealed no abnor- 
mality; chest radiograph showed only moderate cardiac 
enlargement. 


Necropsy. The body was that of a small male infant 
weighing 2,150 g. The dura mater and pia arachnoid 
were healthy. The brain (333 g.) was firm. The 
torcular Herophili was greatly enlarged and contained 
firm clot. Clot was also present in the superior and 
inferior longitudinal sinuses, the transverse sinuses and 
the jugular bulbs. The jugular veins appeared to be 
normal. At the base of the brain a large aneurysm 
was found. This was largely composed of a grossly 
distended great cerebral vein of Galen which com- 
municated anteriorly with both posterior cerebral 
arteries and posteriorly with the distended torcular 
(Fig. 1). The aneurysmal sac measured 2:2 x 1°5 cm. 
The arterial communication was complex. The basilar 


artery divided anteriorly into the right and left posterior 
cerebral arteries inthe usual manner. The right posterior 
cerebral artery then divided immediately into four and 
these reunited after passing downwards and backwards 
for a distance of 3 cm. The thick vessel thus formed 
then subdivided again before uniting with the aneurysm 
(Fig. 2). The left posterior cerebral artery divided 
into three and the branches joined the anterior part of 
the aneurysm. The great cerebral vein after receiving 
the internal cerebral veins expanded into a thick-walled 
sac. This sac received both posterior cerebral arteries 
and these passed backwards to join the torcular Hero- 
phili. The aneurysm had a bulbous anterior portion, 
a narrow neck and a fusiform body. The cerebral 
veins were not distended. The lower portion of the 





Fic, 1.—Case 1, brain; the inferior surface is exposed to show the 
aneurysm of the great cerebral vein and the abnormal communica- 
tions with the posterior cerebral arteries. 
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- aqueduct of Sylvius was of normal calibre and the fourth 
~<  vgntricie was not distended. The anterior surface of the 
foe urm was hollowed in the region of the aneurysm. 
aie brait was congested. 
Whe pericardium was clear and glistening and there 
was a mederate quantity of clear, yellow fluid in the 
pericardial sac. The heart was enlarged as a result of 
dilatation of the right atrium and right ventricle. Both 
chambers:contained a large amount of blood clot. The 








E -foramen evale and ductus arteriosus were patent. The 
co o Valves ane great vessels had a normal appearance. 
=o o Thedarynx, trachea and bronchi were healthy. The 


: a lungs were-congested and some subpleural haemorrhages 


- Were present. On slicing a few haemorrhagic areas 
were noted. The stomach and bowel were healthy, 
ie liver {52 g.) and spleen (5 g.) were not enlarged. 
The genito-urinary tract was healthy and the endocrine 
-* glands shewed no abnormality. Supernumerary digits 
< were present on the lateral border of each hand. There 
was a complete extra finger on the left hand and a rudi- 
mentary one on the right. The fifth toe of the right foot 
was bifid. 


HISTOLOGY. 

Lungs. The pleura was healthy. 
congested but quite well expanded. Some patchy 
haemorrhage was present, In some areas the alveolar 
ducts enc alveoli were flooded with red cells. The 
bronchi were healthy. There was no pneumonia. 


The lungs were 


Aneurysm, A section was taken through the most 
dilated portion of the great cerebral vein. The lumen 
contained fibrin thrombus. The wall was quite thin 
and there: was evidence of degeneration. No intima 
was recognized. 


Left Pasterior Cerebral Artery. The lumen was 





“ee 


oy A 1, brain; outline drawing to show (a) aneurysm of 
. Great cerebrai-vein, (6) right posterior cerebral artery with abnormal 
a branching. (c) left posterior cerebral artery, (d) basilar artery. 
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occluded by fresh thrombus which showed no evidence 
of organization. The vessel was distended as a result 
of the enclosed thrombus. The wall showed no degenera- 
tive change. 


SUMMARY, Cerebral arteriovenous aneurysm; intra- 
pulmonary haemorrhage; supernumerary digits on each 
hand and bifid right fifth toe. 


Case 2. The mother, 23 years of age, para 0 had 
bilateral active tuberculosis and during pregnancy had 
to be treated for pyelonephritis resulting from infection 
with Escherichia coli. She went into labour at term and 
the infant was delivered spontaneously. The first stage 
of labour lasted 18 hours 30 minutes and the second stage 
30 minutes. There was a vertex presentation. 

The infant was a male and weighed 3,715 g. at birth. 
The head circumference was 32-5 cm. The infant’s 
condition was good and he cried immediately. There 
was no peripheral cyanosis but cardiac pulsation was 
noted to be vigorous and there was strong arterial 
pulsation in the neck. A systolic murmur was heard 
over the apex. On radiological examination the heart 
was seen to be enlarged. One week after birth cyanosis 
was observed and there was slight pitting oedema of the 
feet and legs. The pulse rate was 160 per minute and 
respirations 40 per minute. A diagnosis of congenital 
malformation of the heart was made. Further radio- 
logical examination on the 1/th day showed an increase 
in the size of the heart. Cyanosis became more marked 
and neck retraction was noted. The infant’s condition 
steadily deteriorated and he died 16 days after 
delivery, 


Necropsy. The body was that of a well developed 
male infant and weighed 3,345 g. The sternum was 
prominent. The falx and tentorium were intact. The 
brain (400 g.) was very soft and markedly congested. 
The great cerebral vein was replaced by a large saccular 
aneurysm 4:5 cm. in length and 2 cm. in diameter. This 
aneurysm was attached to the junction of the falx with 
the tentorium. It communicated anteriorly with the 
right and left internal cerebral veins and with the right 
posterior cerebral artery. The cerebral veins were 
engorged but not thrombosed. There was slight dilata- 
tion of the lateral ventricles and of the third ventricle 
which contained clear cerebrospinal fluid. The aque- 
duct was patent and the fourth ventricle was of normal 
size. A small amount of subarachnoid haemorrhage 
was present over the cerebellum. On slicing the aneurys- 
mal dilatation of the great cerebral vein was found to 
contain organized thrombus. 

The pericardium was clear and glistening, there was a 
small quantity of clear, straw-coloured fluid in the peri- 
cardial sac. The heart was considerably enlarged, 
chiefly as a result of hypertrophy and dilatation of the 
right atrium and right ventricle. The interventricular 
septum was intact and very broad. Thick post-mortem 
clot was present in the right atrium. There was no 
structural abnormality of the heart valves or of the great 
vessels. The foramen ovale was closed. The ductus 
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Fic, 3.—Case 2, heart; right ventricle opened to show gross myo- 
cardial hypertrophy. 


arteriosus was narrowly patent. The venous drainage 
was normal (Fig. 3). 

The larynx, trachea and bronchi were healthy. The 
lungs were moderately well expanded and congested. 
Some patchy basal consolidation was found. 

The stomach and bowel showed no pathological 
change. The liver (149 g.) was enlarged and congested. 
The spleen (15 g.) was large and very congested. The 
genito-urinary tract was healthy. The endocrine glands 


showed no abnormality. 


HISTOLOGY. 

Lungs. The pleura was healthy. The lungs were 
congested and some haemorrhage had occurred into 
the alveoli. In sections from the lower lobes there 
were widespread areas of consolidation. Many alveoli 
and alveolar ducts contained a dense cellular exudate 
composed of polymorphonuclear leucocytes and histio- 
cytes. Some small bronchi contained a similar exudate. 
Immediately beyond the consolidated areas there was a 
zone of overdistension of alveoli and alveolar ducts. 
The appearance was that of a bronchopneumonia. 


SUMMARY. Arteriovenous aneurysm of great cerebral 
vein; hypertrophy and dilatation of the heart, and 
terminal bronchopneumonia. 


Discussion 


Aneurysm of the great vein of Galen differs 
clinically from the more common types of cerebral 
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arteriovenous aneurysm in the early onset of symp- 
toms and the apparently greater frequency of serio 
cardiovascular effect. Moreover, hydrocephalus 
a commonly associated feature probably as a res 
of pressure by the aneurysm on the aqueduct ©f 
Sylvius. Hydrocephalus was not present in either 
of our patients. This is probably the result of the 
comparatively short duration of any pressure 
effects. In both the brains we examined, the 
aqueduct was still widely patent although slightly 
distorted. Similarly, we found no thickening of 
the wall of the aneurysm and no evidence of muci- 
nous degeneration such as was reported by Russell 
and Nevin (1940). This lack of degenerative change 
appears to indicate that the dilatation of the 
vein is not secondary to a degeneration of the vessel ° 
wall as these workers suggested. In some instances 
(Russell and Nevin (1940), Case 1) a genuine 
arteriovenous aneurysm and a vascular hamartoma 
are present together. In our Case | there was 
some very peculiar branching of each posterior 
cerebral artery before union with the great cerebral 
vein took place, but in neither case was there any 
evidence of a network of fine vessels which might 
be designated a hamartoma. 

In the 24 cases listed (Table 1) symptoms had 
commenced in infancy or childhood in two, at less 
than 6 months in 12, at 6 months to 1 year in three, 
at 1 to 10 years in two and in adult life in only 
one case. The date of onset was not stated in four 
cases who were diagnosed at 12, 14, 22 and 43 years 
respectively. In the more usual type of cerebral 
arteriovenous aneurysm or ‘angioma’ symptoms are 
more usually delayed until the second decade or 
later (Olivecrona and Riives, 1948; McKissock, 
1950: Mackenzie, 1953). Cases presenting in 
infancy or childhood are proportionately rare. 

In great cerebral vein aneurysms the symp- 
tomatology includes dilated face and scalp veins, 
proptosis, fits, headache, the effects of subarachnoid 
and intraventricular haemorrhage, mental retarda- 
tion, focal signs in the central nervous system and 
failure to thrive. General circulatory effects were 
noted in six of the 24 cases and heart failure appeared 
to be the primary cause of death in five of these. 
One had coexisting coarctation of the aorta. Hydro- 
cephalus developed in nine cases, two more having 
a ‘large head’. 

The course at first sight appears to be short. 
Death occurred under the age of 2 in nine, under 
the age of 5 in three and at 18, 21 atid 49 years in 
a further three. Only one of seven cases reported 
before 1947 and before angiography was perfOqmed 
for diagnosis was alive at the time of reporting. 
This contrasts with eight of the remaining. patients 



















a detected. The association of local 


has little to offer. 


` had seme successes. 
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ve and suggests that the prognosis may not really 


so gloomy. Death was associated with internal 
pias fits, haemorrhage, craniotomy and 


a Niaznosis was made by angiography, at necropsy 
or at operation. An intracranial bruit was not 
listened for in the two cases reported here and, when 
sought in other cases, has only sometimes been 
or general 
cardicvascular abnormalities with a suspected 
_ intracranial lesion is characteristic of these mal- 
_ formations. The retinal veins appeared normal in 
_ the two cases described here. 
_ Treatment is medical and surgical. The former 
5 It cannot influence the aneurysm 
= nor the shunt, and the treatment of associated heart 
failure has been quite unsuccessful. Surgery has 
It was carried out in 10 cases. 
© Carotid ligation, attempts to relieve hydrocephalus 
and simple craniotomy had poor results. Surviving 
patienis had undergone the following procedures: 
Cranietomy only, two; carotid ligation, one; 
carotid ligation with subsequent clipping of arteries 
feeding the aneurysm, one; clipping of feeding 
arteries, three. French and Peyton (1954) consider 
the condition operable if the arterial supply to the 
aneurysm can be demonstrated by angiography. 
Occlusion of the feeding arteries (which appears 
to have taken place spontaneously in Case 21) 
may not influence associated hydrocephalus, but 
will probably prevent pressure effects from further 
enlargement. It must also reduce the likelihood of 
haemcrrhage and should correct the effects of the 
shunt on the cerebral circulation and on the heart 
itself. The youngest patients in whom feeding 
arteries were clipped were both under 2 years of 
age. Both survived but neither had been in heart 
failure. It is doubtful whether any of the infants 
who died of this complication could have been 
saved, but it is just possible that carotid occlusion 
might have improved their circulatory status 
temporarily. 

The: cardiovascular effects associated with arterio- 
- venous aneurysms may be extensive. They have 
-been reviewed by Lewis and Drury (1923), Holman 
(1923, 1924), Reid (1925a, b), McGuire (1935) and 
Potter (1955). Several authors had noted cardiac 
enlargement in cases of cerebral arteriovenous 
aneurysm, but Schmitt (1920) appears to be the 
first to -have stressed this feature. He wrote: 
‘Hypertrophy of the left ventricle . . . is often found 
in the more advanced stages of cerebral arterio- 
1; aneurysm’ and ‘the combination of brain 
er with cardiovascular symptoms is very 
important in the diagnosis of cerebral arteriovenous 
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aneurysm’. He further mentions the dilatation of 
arteries to the head. In subsequent accounts the 
effects on the cardiovascular system are not always 
mentioned. Their incidence is therefore difficult 
to assess. Cushing and Bailey (1928) and Dandy 
(1928) found definite cardiac enlargement lacking in 
their cases even though it might have been expected 
in some on the grounds of size of aneurysm, loca- 
tion and duration of symptoms. Brock and Dyke 
(1932) found cardiac enlargement in four of five 
cases of cerebral arteriovenous ‘angioma’. Ray 
(1941) noted partly reversible cardiac enlargement 
in one of 16 cases. Shenkin, Spitz, Grant and Kety 
(1948) found it in two cases investigated to deter- 
mine the cerebral blood flow, which was much 
increased. Silverman ef al. (1955) record two 
infants who died in heart failure from this cause in 
the newborn period and Paterson and McKissock 
(1956) noted cardiac enlargement in nine of their 
series of 110 cases. Aneurysm of the great vein 
of Galen does not feature in these reports but 
enlargement has occurred in four reported cases, 
three of whom died in heart failure, as did the two 
additional babies reported here. The very marked 
effect on the cardiovascular system exerted by the 
arteriovenous shunt is indicated in Case 2 where 
there is enormous hypertrophy of the wall of the 
right ventricle which was three times the normal 
thickness for this stage of development. 

Hypoglycaemia has not been previously described 
in this context. It may have been coincidental, but 
the proximity of the aneurysm to the floor of the 
fourth ventricle is suggestive. 

The cases presented here and the review of the 
literature make it apparent that cerebral arterio- 
venous aneurysms may present with symptoms 
referable to the cardiovascular system. The pos- 
sibility of such lesions should be considered when a 
vigorous cardiac impulse and increased neck pulsa- 
tions are associated with signs of meningeal irritation 
or convulsions. Respiratory distress may mask 
these features in the newborn period. If it is pos- 
sible to confirm the diagnosis by angiography, 
surgery may offer a chance of successful treatment. 
Untreated, the patient may die in the newborn 
period from cardiac failure, or subsequently from the 
effects of hydrocephalus and haemorrhage. 


Summary 


Two cases of arteriovenous aneurysm of the 
great vein of Galen are reported. Both were infants 
who died in the newborn period of heart failure. 
Both exhibited neck rigidity in addition to cardio- 
vascular signs. One infant had persistent hypo- 
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glycaemia. Clinical features of this type of arterio- 
venous aneurysm are reviewed and it appears that 
hydrocephalus and severe cardiovascular effects are 
commoner than in the ‘ angioma’ type of cerebral 
arteriovenous aneurysm. Surgery appears to hold 
out the possibility of cure in some cases, provided 
that diagnosis and angiography anticipate the 
potentially rapid decline of such patients. 


Our thanks are due to Professor A. Moncrieff and 
Dr. J. P. M. Tizard for access to the clinical data of 
Case 1. The photographs were prepared by Mr. E. 
Clark, the Bernhard Baron Memorial Research Labora- 
tories, Queen Charlotte’s Maternity Hospital. 
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Addendum 
Since this paper has been sent to the press, two 
additional cases of cerebral arteriovenous fistula associ- 
ated with heart failure have been reported by Glatt and 
Rowe (1960). 
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‘TWO CASES OF RETICULOENDOTHELIOSIS— 
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“Diseases characterized by proliferative changes in 
the seticulo-endothelial system, other than the 
leukaemias and specific infections such as tuber- 
culoss aad typhoid fever, give rise to three main 
syndromes in children, but there are many atypical 
and itermediate forms. Originally described as 
three separate conditions, these syndromes, namely 
Letterer-Siwe disease, Hand-Schiiller-Christian syn- 
drome, and ‘eosinophilic granuloma’ of bone are 
now believed by many authorities to have a common 
aetiology, as yet unknown, and basic pathology. 
Van Creveld (1951) is of the opinion that a distinc- 
tion detween the first two is unnecessary and at 
times impossible, and clinical pictures occupying 
intermediate positions between them and even 
sharing features of the infectious reticuloses have 
been cescribed; Siwe (1949) on the other hand, 
maintained that they were pathologically distinct. 
Those authors who accept the theory of unity of 
Letterer-Siwe disease and Hand-Schiiller-Christian 
syndrome do so on the assumption that lipoid 
storage would develop in the former if the disease 
were protracted; moreover, sequences of the three 
morbid pictures in one patient on consecutive 
biopsies have also been described by Bartels (1947), 
Wentholt and Hadders (1949), Love and Fashena 
(1948). aud Parkinson (1949). That this sequence 
of events:is not always followed has been shown 
_ elsewhere and is further demonstrated by the pro- 
tracted ceurse of one of the cases to be described, 
but im itsaccount must be taken of the modifying 
effects of steroids. 
Considerable evidence is accumulating on the 
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= value of ACTH and cortisone in the treatment of 
the three syndromes, particularly of the subacute 
and chrenic forms of the Hand-Schiiller-Christian 
syndrome. Karlen (1952) reported disappearance 
of hepatosplenomegaly and exophthalmos in an 
- 18-m -old girl on cortisone therapy, but relapse 
~ ocg@red when the treatment was stopped on account 
| of severeco «edema, and the patient died. Røjel and 
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Lund (1958) described a boy with Hand-Schüller- 
Christian syndrome aged 14 months at onset, but 
not diagnosed till 3 years and 9 months, who was 
pronounced cured after three years’ treatment with 
ACTH and cortisone, but he was observed for only 
three months after cessation of treatment, and had 
received x-ray therapy also. 

Sewell (1954) presented a girl of 3 years 10 months 
to the Royal Society of Medicine who had shown 
histological features of eosinophilic granuloma of 
bone and later of Hand-Schüller-Christian syn- 
drome with clinical improvement on cortisone after 
failure to respond to Xrays; and Flosi, Assis, 
Coelho Neto, Bloise, Ulhôa Cintra and Barros 
(1959) described a complete remission after four 
years almost continuous treatment with cortisone 
and ACTH in a boy diagnosed as suffering from 
Hand-Schüller-Christian syndrome when 1 year old, 
the symptoms having commenced about four months 
previously. After a year’s treatment with cortisone 
followed by ACTH, maximum dosage 75 mg. daily, 
he developed marked features associated with 
Cushing’s syndrome at which stage treatment was 
gradually reduced; but bone lesions which were 
already resolving continued to improve and even- 
tually disappeared after four years’ treatment. 

Bearing this evidence in mind, it is necessary to 
remember the occurrence of spontaneous remission 
which is the usual outcome in patients with eosino- 
philic granuloma of bone and is also well recognized 
in the Hand-Schiiller-Christian syndrome. 

Moreau (1930) found nine cases of spontaneous 
recovery amongst 34 cases of Hand-Schiiller- 
Christian syndrome described in the literature, and 
while Letterer Siwe disease is generally fatal, 
spontaneous recovery is possible (Lightwood and 
Tizard, 1954). Recovery from this disease induced 
by cortisone was described by Cox (1955), and 
Orrild and Lunding (1953) reported a case of Letterer 
Siwe disease apparently cured by ACTH. 

The object of this communication is to place 
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on record two further cases of reticulosis and to 
describe the effect of prolonged steroid therapy in 
one, the other dying before treatment was properly 
instituted. 


Case Reports 


Case 1. J.E. was 25 months of age when admitted 
to hospital in April, 1955, with a history of malaise 
following an upper respiratory infection two weeks 
previously. For a week he had been drowsy and listless, 
inclined to vomit and was thought by his mother to be 
having headaches. A few days before admission 
puffiness was noticed around the eyes, which for the 
past 24 hours had protruded. 

He was the second child of healthy parents, born at 
term; his birth weight was 7 lb. 11 oz. He was breast fed 
for one month only, but he made good progress and his 
only illness had been an attack of otitis media treated 
with penicillin one year previously. The family history 
was uneventful. 


EXAMINATION. Temperature 99°8°F. He had a pale, 
puffy face and proptosis of both eyes, the right slightly 
more than the left. In addition to the puffiness of the 
eyelids there were also symmetrical, fairly well defined 
swellings in the temporal fossae (Fig. 1) and an indefinite 
swelling in the right parietal region. The tonsils were 
enlarged but not inflamed; cervical and axillary glands 
were moderately enlarged; the heart and lungs appeared 
normal; liver and spleen were not felt. The optic fundi 
showed no abnormality, and the cerebrospinal fluid 
was also found to be normal. A blood count was 
reported Hb 86% (12:7 g.); colour index, 1°04; W.B.C.s, 
6,000/c.mm. (polymorphs 40%, lymphocytes 60%). 

A tentative diagnosis of Hand-Schiiller-Christian 
syndrome was made, but there was no polyuria and urine 
specific gravity reached 1,016. Moreover, radiographs 
of skull, thorax and long bones revealed no abnormality 
apart from opacity of both antra and ethmoid cells. 
Because of this finding and the fact that his temperature 
fluctuated between 100° and 101° F. the possibility of 
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Fic. 1.—Showing puffiness of eyelids and symmetrical well-defined 
swellings in temporal fossae. 
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( x 480.) 


Fic. 2.—Blood smear showing vacuolated macrophages. 





Fic. 3.—Bone marrow showing a foam cell and vacuolated cells. 
( x 650.) 


ethmoiditis was considered, and treatment with anti- 
biotics started. No improvement followed, however, 
and six days after admission chemosis of both conjunc- 
tivae and retinal oedema appeared; there was no real 
papilloedema. A second blood count showed a fall 
in Hb to 78% (11-5 g.) and vacuolated c&lls were found 
in the smear (Fig. 2). The E.S.R. was 6 mm. in one 
hour, platelets 14,000/c.mm. and bleeding time on 
12 minutes. Bone marrow aspiration showed a norfho- 
cellular marrow containing ‘foam cells’ (Fig. 3) similar 
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Fic. 4.—Gland infiltrated with reticulum cells. (H. and E. x 150.) 
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Fic. 5.—Hcrizontal section through skull showing tumour-like mass 
in anterior fossae. 


to those occurring in the Hand-Schiiller-Christian 
syg one: gland biopsy showed complete replacement 
of the normal architecture by sheets of pale reticulum 
cells, but no ‘foam cells’ (Fig. 4). 


Cortisone was now added to the treatment but the 
child’s condition deteriorated rapidly. Spontaneous 
bleeding occurred and he became progressively more 
anaemic in spite of blood transfusion. 

He appeared to be quite blind for several days before he 
died, two weeks after admission to hospital. 


Necropsy. A mass of tumour-like tissue in the 
anterior fossae of the skull, in the orbits and air sinuses, 
and invading the upper part of the nose via the cribriform 
plate was revealed (Fig. 5), but the pituitary fossa 
appeared intact. A large tumour was found in the lower 
end of the right femur (Fig. 6). The thoracic and 
abdominal glands were all enlarged and invaded, and 
there were small deposits in the heart, kidneys and wall 





Fic. 6.—Large tumour in lower end of right femur. 
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of the small intestine. The liver and spleen appeared 
normal macroscopically and the lungs showed hypostatic 
changes only, but histological deposits were noted in 
lungs, spleen, liver, pancreas, ribs and tonsils. The 
pituitary gland was normal on section apart from 
tumour around the capsule. The microscopic picture 
was of uniform infiltration with sheets and trabeculae of 
mononuclear cells with pleomorphic nuclei and scanty 
eosinophilic cytoplasm. No foam cells were found in 
any of the necropsy sections and no cholesterol was 
demonstrable in the cells by histochemical techniques. 


Case 2. J.C. was 5 years old when admitted in 
February, 1957, with a history of malaise, loss of appetite, 
limb pains and irregular fever following an upper 
respiratory infection one month earlier. He was the 
third and youngest child of healthy parents, born at 
term: his birth weight was 6 Ib. 10. oz. He was breast fed 
for three months and his progress had been entirely 
normal. The family history was uneventful. 


EXAMINATION. He was a fretful, pale, ill-looking 
child, with several small bruises and a few petechiae 
on the trunk. His tonsils were large and unhealthy 
and tonsillar glands were palpable; there were small 
discrete glands in axillae and groins, and his liver was 
easily palpable, his spleen being just felt. No nodules 
or bony swellings were found, but he resented examination 
because of muscle tenderness. A tuberculin patch test 
was negative. Radiographs showed possible erosion 
of one rib, but no lesion in skull, spine or long bones. 
Haematological examination revealed Hb 64%, W.B.C.s 
less than 1,000/c.mm. (polymorphs 11%, lymphocytes 
87°“, monocytes 2%, platelets scanty); bleeding time 
more than 15 minutes. Marrow puncture demonstrated 
the presence in the marrow of many histiocytic cells with 
slightly foamy cytoplasm, suggesting a diagnosis of 
Letterer Siwe syndrome. ACTH in a dosage of 40 units 
daily was started four days after admission together with 
penicillin, and a blood transfusion was given the following 
day, Hb having fallen to 58%; a blood film at this time 
showed many smear cells. 

After four days’ treatment the child’s general condition 
had improved remarkably; he lost his muscle pains 
and became much more cooperative, accepting drugs 
by mouth which he had previously refused, so predni- 
solone 12:5 mg. t.d.s. was substituted for ACTH intra- 
muscularly. He was given another blood transfusion 
as his Hb had only risen to 66% and four weeks after 
the beginning of treatment he was symptom-free, had 
no palpable glands, no obvious enlargement of the 
spleen and a second marrow puncture showed a normal 
picture apart from a very few of the abnormal cells 
originally seen. His liver, however, was still palpable 
two finger breadths below the costal margin. He had 
become moonfaced, and his weight had increased by 
8 Ib. over his admission weight of 29 Ib. 5 oz., so pred- 
nisolone was reduced to 10 mg. t.d.s. and on this dosage 
he was discharged to the Out-patient Department at 
the end of March, his Hb at that time being 75% and 
W.B.C.s 4,600/c.mm. Dr. Bodley Scott who had seen this 
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child in consultation reported: ‘I agree that the primitive 
cells found in the bone marrow and displacing almost 
all the normal cells are quite unlike the usual ‘blgsts’ 
of acute leukaemia. They have irregular nuclgetf the 
reticulum cell type and some have a foamy cytoplasm. 
Together with the x-ray changes they support a diagnosi 
of ‘Letterer Siwe syndrome’.” 

He was seen frequently in the Out-patient Department 
and he remained well but exhibited the appearance of 
florid Cushing's syndrome. His haemoglobin was 
maintained and he had no enlargement of liver, spleen or 
glands. He complained of pain in one ankle but nothing 
abnormal was found, and as he was markedly overweight 
(46 ib.) his dose of prednisolone was reduced slowly 
after two months on 30 mg. daily, until he was taking 
only 5 mg. a day at the beginning of July. He lost 
5 ib. in weight, felt well and began to grow. His Hb , 
was still 96° and blood picture normal; B.P. 110/65 
mm. Hg. Prednisolone was again reduced in August to 
2-5 mg. daily and continued at this level until in Septem- 
ber his testes were noticed to be rather hard and insen- 
sitive, and a week later his parotid, submaxillary, axillary 
and inguinal glands were visibly enlarged and felt firm. 
Liver and spleen were still not palpable and Hb was 
90%, but smear cells were again seen in the bleod film 
(September 24, 1959), as. well as a few atypical mono- 
nuclear cells. He was admitted on October I, 1957, 
for biopsy of a gland and the dose of prednisolone was 
increased to 10 mg. daily, but he did not improve. The 
report on the biopsy specimen stated: “The normal 
structure of the lymph node has been destroyed, being 
replaced by a uniform proliferation of medium sized 
oval cells with scanty eosinophilic cytoplasm and reticular 
nuclei. The capsule is invaded at one point, and the 
abnormal cells are infiltrating the fat outside the node. 
Mitoses are numerous. Į regard this tumour as a 
lymphosarcoma.’ 

Prednisolone therapy was continued in the same dosage 
but muscle pains returned and a few histiocytic cells 
were again seen in the peripheral blood in mid-October, 
at which time the dose was increased to 30 mg. daily. 
Rapid weight gain resulted but the symptoms progressed 
and by the middle of November he was unable to walk 
on account of general stiffness and tenderness. Radio- 
graphs of ribs, pelvis and long bones (November 15, 
1957) showed no abnormality. 

His condition deteriorated steadily, he became anaemic 
and leucopenic once more, and developed scattered 
bruises and petechiae. His weight fell steadily to 36 Ib. 
on December 10, in spite of progressive increase in the 
dose of prednisolone up to 120 mg. daily and blood 
transfusion, and by December 20, 1957, his liver had 
enlarged to three fingers-breadth below the costal margin 
and spleen and glands were easily palpable. Radio- 
graphs (December 19, 1957) showed a little periosteal 
infiltration in several long bones and slight generalized 
osteoporosis. He was discharged home for Christmas 
and re-admitted (December 30, 1957) in severe pain, 
extremely weak and bleeding from the nose; HbNQ%, 
W.B.C.s too scanty to count. He was again transfused 
and another bone marrow puncture was attempted, but 
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was unsuccessful because he bled too much. For the 
same reason biochemical investigations were not under- 
tafeg, bat on January 3, 1958 potassium chloride 
l-5 g ly by mouth was started on an empirical basis 
ecause cf high dosage of prednisolone, general weakness 
and abdcminal distension, steroid therapy being main- 
tained unaltered. 

A few days later he was much improved, moving his 
legs witheut pain and no longer bleeding spontaneously. 
At the beginning of February he was once more on his 
feet, amd even running a little. His haemoglobin rose 
Steadily without further transfusion, his white cell count 
became rormal and no histiocytes or smear cells were 
seen in the blood film; his spleen was no longer palpable 
but his liver and preauricular glands were just felt. 

He was discharged home on February 12, 1958, still on 
120 mg. prednisolone daily, and he felt well, but he ate 
enormously and gained nearly a stone in weight in the 
next three weeks, reaching 50 lb. His blood pressure 
rose to 50/90 mm. Hg, having been around 110/60 
mm. Hg Dreviously. By the end of March he was too 
tired to walk and complained of pain in the back, so he 
was readmitted on March 21, 1958, still with all the 
signs of florid Cushing’s syndrome (Fig. 7). Radio- 
graphs showed marked osteoporosis of lumbar vertebrae 
with flattening and compression of most of the vertebral 
bodies (Fig. 8) and also slight deformity of the neck of 
the left femur. Apart from his high colour, obesity and 
loss of lumbar curve the child seemed well and showed 
no sien of the original disease. There was now no 
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FiG. 7.—Showing signs of florid Cushing’s syndrome. 





Fic. 8.—Lumbar spine showing osteoporosis, compared with spine of same patient six months earlier. 
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anaemia and marrow puncture showed no evidence 
of any haemopoietic disorder, normal polymorphs 
being most plentiful, granulocyte precursors numerous, 
primitive and abnormal cells absent. 

He was fitted with a plaster bed and his dose of pred- 
nisolone was gradually reduced being combined with 
ACTH. He appeared well; ketosteroid excretion was 
satisfactory and blood pressure 120/90 mm. Hg. On 
May 7, on a dose of prednisolone 20 mg. b.d. and ACTH 
40 mg. daily, he was found to have a number of large, 
slightly tender glands in the neck and a nodule on the 
occiput, but liver and spleen were still not palpable. 
On May 12 another marrow biopsy was obtained which 
showed the marrow grossly infiltrated by large pleo- 
morphic reticulum cells (Fig. 9) the nuclei of which 
had a coarse chromatin pattern and single prominent 
pale blue nucleus, the picture being that of reticulum 
cell reticulosis. A few days later he began to deteriorate 
rapidly, ecchymoses appearing in the vicinity of the 
enlarged glands, and liver and spleen enlarging pro- 
gressively. He became rapidly more anaemic in spite 
of blood transfusions and died suddenly on June 5, 1958, 
nearly 18 months after the onset of his first symptoms. 


Necropsy. This was performed 24 hours after death. 
The body was that of a fat boy with the moon-facies of 
cortisone overdosage, showing massive ecchymosis of the 
left arm and lower abdominal wall, and numerous small 
bruises scattered over the rest of the body. There was 
general enlargement of lymph glands, the tracheo- 
bronchial, mediastinal and pre-aortic abdominal glands 
being dark red in colour and soft. Petechiae were 
present on the surface of the heart (which was otherwise 
normal) on the pleura, and in the gastric mucosa. 
Fresh blood was present in the small intestine, which 
appeared normal in other respects. The liver was of 





Fic. 9.—Bone marrow showing reticulum cells. ( 915.) 
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Fic. 10.—Bone marrow showing diffuse infiltration. (H. and E. x 90.) 


average size (870 g.) and was pale. The spleen was 
enlarged (180 g.) and deeply congested; other organs 
appeared normal. The cortex of all vertebral bodies 
and of the long bones was extremely thin and the marrow 
was dark red and prolific. 


HistoLoGy. Sections of spleen, lymph nodes and 
bone marrow (Fig. 10) showed replacement of the 
normal tissue by sheets of pleomorphic reticulum cells. 
The liver showed subcapsular and portal tract prolifera- 
tion of these abnormal cells (Fig. 11), but the changes 





Fic, 11.—Liver showing infiltration of portal tracts. (H. and E. x 90.) 






a endothelial type. 
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“were not intense. There was no evidence of lipoid 
pstorege. The infiltrating cells varied in size and shape, 

geng rounded, some polygonal and others elon- 
afitoses were scanty, reticulum production slight, 
val ane cells stained with metallic stain and some showed 
vidence cf erythrophagocytosis. 


Discussion | 


Diagnosis undoubtedly depends on the histo- 
logical. tterpretation of the type of abnormal cell 
seem Br the marrow biopsy and necropsy sections. 
- Cases-of the type just described have been published 

‘under various names, but the unifying feature is a 
_- diffuse infiltration of the marrow by cells of reticulo- 
The two cases under discussion 
fulfi. the clinical criteria advanced by Siwe, but at the 
same time show certain points of dissimilarity. 

Case i had marked exophthalmos and foam cells 
in the marrow biopsy, but the classical triad of the 
Hand-Sehiiller-Christian syndrome was lacking. 
The rapid course of the disease in this case was 
characteristic of Letterer-Siwe syndrome, though 
the biopsy picture was more suggestive of the term 
acut2 xamthomatous reticuloendotheliosis. 

Case 2 conformed more closely to the conception 
of < malignant reticuloendotheliosis, which was 
protadly what the original authors described as 
Letterer-Siwe disease, but which in his case was 
checked over long periods by steroid therapy. 

These two cases support a contention made by 
Lynch, Bain, Stanyon and Crang (1954) that two 
different disease entities are often confused under 
this eponym, That steroids influence all varieties 








2 of reticulosis there is no doubt; but the possibility 





of s.en-aneous remission must not be forgotten. 
The response to steroids accentuates neither the 
relationship nor the diversity of the pathological 
forms. — 
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Summary 


Two cases of reticuloendotheliosis of Letterer- 
Siwe type are described, and the effects of prolonged 
steroid therapy indicated. A brief review of the 
literature in relation to steroid therapy of the 
reticuloses is included. 


I am greatly indebted to Dr. J. L. Hamilton-Paterson 
who performed the autopsies and supplied the patho- 
logical reports, to Dr. R. Bodley Scott who saw Case 2 
in consultation, and to Miss M. H. Shaw for the photo- 
graphs, 
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Hypercalcaemia of infancy has been divided into 
severe and simple or benign forms, each with dis- 
tinct clinical pictures. However, Joseph and 
Parrott (1958) considered that the two forms were 
different degrees of severity of the same disease. 
Forfar, Tompsett and Forshail (1959) thought that 
the severe form, which tends to be recognized later 
in infancy, was the result of delay in diagnosis. 

The severe form, which according to Fellers and 
Schwartz (1958) is 14 times less common than the 
simple form, was first described by Fanconi, 
Girardet, Schlesinger, Butler and Black (1952). 
Amongst its multiple symptoms and signs are 
dwarfism, mental retardation, persistent hyper- 
calcaemia, hypercholesterolaemia, osteosclerosis and 
evidence of renal disturbance with albuminuria and 
nitrogen retention. The prognosis is poor. By 
contrast, the simple form first described by Light- 
wood (1952) is unassociated with mental deficiency 
and osteosclerosis and has a good prognosis. 

Several workers have described the visceral 
changes, particularly renal, in severe hypercalcaemia, 
but neuropathological findings have not been 
hitherto reported. The object of this communica- 
tion is to record a case which came to autopsy and 
had a full pathological examination. 


Case History 

The patient, the first born of healthy parents, the 
mother 18 and the father 37 years of age, with no family 
history of mental or neurological illness, was delivered 
normally after a labour lasting 44 hours. The pregnancy 
was normal. He weighed 9 Ib. 6 oz. (4,220 g.) at birth 
and his head circumference of 144 in. (36-8 cm.) was 
of normal size. He had a capillary-cavernous ‘straw- 
berry’ naevus on the outer side of the right elbow $ in. 
(2-2 cm.) in diameter and a similar lesion $ in. (1-6 cm.) 
in the left deltoid region. . 

At first he progressed normally but on the 3rd day 
he had a cyanotic attack and was given oxygen. Later 
the same day he had several tonic convulsions with 


opisthotonus and flexion of all limbs, each attack lasting 
about two minutes. Cerebrospinal fluid was clear and 
xanthochromic with a protein content of 300 mg. % 
and a normal cell count. 

He was weaned on to half-cream national dried milk 
at 17 days and changed gradually to full-cream milk 
at 12 weeks. One teaspoonful of cod liver oil was given 
daily. He was a slow feeder, often vomited and was 
constipated. These features persisted throughout life. 

The cutaneous naevi increased in size up to the 4th 
month after which they became stationary. At this 
time his head circumference, 154 in. (40-2 cni), was 
within normal limits. At 5 months his blood pressure 
was 124/76 mm. Hg and radiography showed normal 
bone development and calcification of hands and feet. 
Convulsions, consisting of sudden jumps, stiffness of 
the arms and legs, and cyanosis continued. Although 
some measure of control was achieved by sedation he 
sometimes had several attacks a day. At 9 months he 
was considered to be mentally retarded, deaf and blind 
with optic atrophy. 

While in hospital from 11 months to 2 years and 3 
months weight gain was satisfactory in spite of feeding 
difficulties and intercurrent respiratory infections. The 
fontanelles closed normally but his head size increased 
very slowly and at 2 years the circumference was 16} in. 
(42-6 cm.). His pupils did not. react to light and he had 
slight nystagmus. The discs were small and pale but 
the retinae were normal. AH limbs were hypertonic 
and the reflexes brisk. Plantar reflexes were extensor. 
The Mantoux 1/1,000 and toxoplasmin skin tests were 
negative. Marrow and blood counts were normal. 

Many chemical investigations were carried out during 
the first 2 years of life. The blood urea was raised 
between 60 and 82. mg. %. Calcium in the blood varied 
from 11-3 to 16-6 mg. % (the diagnostic level given by 
Stapleton and Evans (1955) was 12:5 mg./100 ml.). 
Blood phosphates were between 5°5 and 9-9 mg. %; 
plasma protein 7-0 to 7-3 mg. %; serm cholesterol 
293 mg. %. The alkaline phosphatase in six estimations 
varied between 15-7 and 28-4 King Armstrong units/ 
100 mi. but there was a seventh estimation in whf®h 
it was 5-4 units/100 ml. The CO, combining power was 
30-8 mEq./litre. The [' excretion test was normal. 
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Fic. 1.—Rounded face with eyes set wide apart, epicanthic folds 
and large low-set ears. 
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Paper chromatography revealed a normal amino-acid 
urinary exeretion. C.S.F. protein returned to normal 
towards the end of the first year. 

He was admitted to the Fountain Hospital at the age 
of 2 years and 3 months when he was found to be an 
idiot behaving like a 2-month-old baby, requiring 
three-hourly bottle feeding. He could not talk, sit, 
stand, walk, nor even lift his head. He showed no 
apparent interest in his surroundings and rapport could 
not be established. His weight was 22 lb. and head 
circumference 16? in. (42:4 cm.) (normal is 49-7 cm.). 





’ 


FIG. 2.—Two small foci of calcification in the first premolar. 
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His face was round with eyes set wide apart, epicanthic 
folds were present and the ears were large and low-set 
(Fig. 1). He lay in a curious ‘frog’ position, the legs 
abducted at the hips and maintained rigidly in a flexed 
position. There was spastic diplegia. 

Two weeks after admission to the Fountain Hospital, 
he developed a pyrexial attack (103 to 105° F.) with 
haemoconcentration and a leucocytosis of 20,000. 
Choreic movements of the face and limbs, head retraction 
and arching of the back occurred. Excitement and 
screaming attacks were frequently present and he often 
slept during the day and was sleepless at night. When 
asleep his movements ceased. The cause of his illness, 
which persisted intermittently till death seven months 
later, was obscure, in spite of many investigations. 
These excluded meningitis, middle-ear disease and other 
infections. A moderate degree of papillitis lasting about 
six weeks was noted. C.S.F. protein increased to 90 mg. %6 
with a slight increase of globulin but other constituents 
were normal. Dr. Frank Elliott suggested that the 
cause of these symptoms and signs might be naevoid 
amentia with naevoid malformation at the base of the 
hypothalamus and pons, a diagnosis of some significance 
in view of subsequent findings. Radiography of the 
skull and spine at 2 years and 5 months revealed general- 
ized osteosclerosis and two foci of calcification in the 
pulp of a deciduous premolar (Fig. 2). 

He died from broncho-pneumonia at the age of 2 years 
and 10 months. 

When the child was 10 months old the parents had a 
second infant, a girl, who developed normally and at 
8 years was fit and well. 


Pathological Findings. At necropsy performed on the 
day of death, the body was found to be well nourished. 
However, comparison with Coppoletta and Wolbach’s 
(1933) tables of organ weights of infants and children 
revealed that his stature of 81 cm. (normal 88 cm.) was 
stunted and the weights of his heart, lungs, spleen, liver, 
kidneys and brain were all lighter than the average for 
his age. His head circumference was 42-6 cm. (normal 
50-4 cm., S.D. = +1:35 cm.). He was therefore 
microcephalic. 

Foetal lobulation was present in both kidneys (left 
35 g., normal 49 g.; right 30 g., normal 48 g.), each of 
which showed longitudinal yellowish streaking of the 
medulla. Atheromatous deposits encircled the com- 
mencement of the aorta. The heart was well formed. 

The brain, symmetrical in shape and covered by clear 
leptomeninges, weighed 825 g. (normal 1,140 g.). It was 
very soft at the time of removal and, with convolutional 
flattening, was considered to be oedematous. The 
olfactory and optic nerves appeared small but other 
cranial nerves were normal. Attached to the caudal part 
of the optic chiasma and anterior part of the tuber 
cinereum and chiasma and the hypophysis cerebri, was a 
soft grey nodule 4 mm. in diameter (Fig. 3). Basal 
vessels were normal. There were no naked eye abnor- 
malities of the spinal cord. 


Histological Findings. Coronal sections of the frontal, 
temporal and occipital lobes, the basal ganglia, mid- 
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Fic. 3.—The small rounded infundibuloma arising from the floor of 
the third ventricle and anterior part of the hypophysis cerebri. 


brain, pons, medulla, cerebellum, cervical, thoracic and 
lumbar cord were embedded in celloidin and sections 
stained by the usual neuropathological procedures— 
Nissl, Heidenhain, H.V.G., Mallory’s P.T.A.H. and 
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Holzer techniques. Paraffin embedding was carried out 
on the optic nerves, cortex and viscera and sections 
stained by the H.V.G., H. and E., P.T.A.H.#Glees 
Marsland and Loyez methods. 
cortex were used for Holzer, von Kossa and Scarlet F 
methods. 

The gyri were well formed but lamination within their 
grey matter was often indistinct and there was a general- 
ized sparsity of nerve cells especially in layer HI. Betz 
cells, looked for in many blocks, were absent from the 
motor cortex. The striate cortex could not be identified 
with certainty. Perigyral gliosis was increased in some 
areas, notably in the frontal, parietal and occipital lobes. 
The white matter was well medullated. However, it 
contained many ectopic nerve cells e.g. in the 
corona radiata there were five times more nerve cells 
than in an equivalent area of the brain of a mature 
newborn infant and 30 times more cells than in the brain 
of an infant of | year. 

Apart from focal increases in Bergmann’s cells, the 
cerebellum was well formed. 

The nodule behind the chiasma was formed of glial 
cells and capillaries (Fig. 4). Most of the glial cells had 
round or oval nuclei with well-defined nuclear membrane. 
The nuclei contained powdery particles and two or three 
larger chromatin nodules. A few cells were smaller 
and hyperchromatic. The cells were arranged rather 
loosely except near the blood vessels where they were 


Fic. 4.—Rather haphazard arrangement of glial cells in the infundibuloma had a tendency to more compact arrangement around the vessels. 
(H. and E. x 156.) 


Frozen sections of the \ 


SEVERE HYPERCALCAEMIA OF INFANCY 


Fic. 5.—Collagenized capillaries, most of them bloodless, and inter-capillary gliosis in the cortical naevus 


denser. Their fine fibrils formed a delicate open network 
with occasional microcysts in the H. and E. and H.V.G. 
preparatiens.. In the Holzer sections there were a few 
thick sturdy looking angulated fibres. Blood vessels 
were looped into several coils and contained an excess 
of reticulin in their walls. This gave them a bizarre 
glomeruler-like appearance. There were neither multi- 
nucleated giant cells nor mitotic figures. A few globoid 
eosinophilic colloidal bodies or droplets were present. 

A vascalar naevus was found in the grey matter of the 
parietal lebe in the vicinity of the Rolandic fissure when 
this wassectioned. Situated in the grey matter bordering 
a sulcus, it measured approximately 1-5 mm. in length 
and inwo ved layers I, H and III (molecular, external 
granular and pyramidal cell layers). It consisted of a 
network of collagenized capillaries (Fig. 5). Only a few 
of the capillaries contained red cells. Elastic tissue was 
not seem in their walls. Glial cells were numerous 
throughout the area. A dense feltwork of glial fibres 
was arramged in a racemose fashion around the periphery 
of the æsion, from which many branches invaded 
neighbouring grey matter. There were neither saccular 
nor fusiform dilatations. Calcification was absent. 

Numerous calcareous deposits were situated chiefly 
ig, the outer half of the pyramids of the kidneys with 
occasional foci in the medullary rays. Interstitial 
fibrosis was present around these foci and ischaemic 
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(H.V.G. x 162.) 


changes were seen in some glomerular tufts. It was often 
difficult to identify the precise site of the calcified struc- 
tures because of distortion by fibrosis. Many were large 
enough to be seen by the naked eye (like grains of black 
pepper in the von Kossa preparation); for instance, 
some of the larger deposits were contained within a thin 
lining of fibrous tissue and it was impossible to say 
whether they originated within the lumen of a tubule, in 
its epithelium or in the interstitial tissue. These large 
deposits compressed surrounding tubules. The smaller 
deposits were also difficult to place, but some appeared 
to have formed below the level of the tubular epithelium 
which they had dislodged towards the lumen. Many 
smaller deposits appeared to be interstitial. 

Glomerular changes were focal and included shrinkage 
of the capillary tufts with hyperchromasia of nuclei. 
Fibrous tissue was increased around some Bowman's 
capsules and the interstitial tissue contained an excess 
of fibrocytes and round cells. There were no poly- 
morphonuclear cells; there was no calcium-like deposit 
in the glomeruli or adjacent tissue and blood vessels 
were normal. 

The available sections of the pituitary gland were 
small when compared with a gland from a child of similar 
age. Apart from congestion of the sinusoids it appeared 
normal structurally. Atrophic changes were conspicuous 
in the thymus and included smallness of lobules with 
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poor differentiation between cortex and medulla; 
Hassall’s bodies were calcified and there was a great 
deal of fibrous stroma and fatty. infiltration. - There was 
infiltration of the portal tracts by small round cells. 
Broncho-pneumonic changes were confirmed in the lungs. 
Other viscera appeared normal. 


Discussion 


The hypercalcaemia and the clinical features of 
mental deficiency, osteosclerosis and stunting made 
it reasonably certain that this boy suffered from a 
severe form of hypercalcaemia of infancy. Failure 
of the skull to grow adequately after birth and the 
development of osteosclerosis signified the progres- 
sive nature of the disease. Nephrocalcinosis, found 
in both forms of this disease, was also present and 
the renal lesions were similar to those described by 
Dawson, Craig and Perera (1954), Rhaney and 
Mitchell (1956), and Shanks and MacDonald (1959) 
Type HI lesion. An unusual feature was foci 
of metastatic calcification in the pulp of a deciduous 
premolar. Dawson et ai. (1954) found similar 
lesions in a lower deciduous incisor. 

Micrencephaly, poor lamination of nerve cells and 
universal paucity of nerve cells in the grey matter 
especially in layer IH (pyramidal cell layer) were 
severe enough to account for the mental deficiency 
in this boy. The paucity of cortical nerve cells 
could probably in part be due to the excessive 
number of ectopic nerve cells in the white matter 
indicating a failure in the normal migration of 
neuroblasts towards the pallium, either in the later 
months of pregnancy or early in infancy. Clearly, 
with the early onset of convulsions and initially 
raised cerebrospinal fluid protein there was evidence 
that the disturbance of the nervous system was 
already present in early infancy. It is also impos- 
sible to exclude the possibility of ictal neural 
damage. 

Rhaney and Mitchell (1956) reported medial 
calcification of the middle cerebral artery within the 
basal ganglia in a child of 10 months whose brain 
weight was normal and who suffered from the mild 
form of the disease. The vessels in this child were 
free from this abnormality. 

The tumour situated between the optic chiasma 
and hypophysis cerebri had many of the features 
of an infundibuloma; a condition recently reviewed 
by Wolman (1959), Its situation invites speculation 
into the effects it may have had on the child’s 
metabolism and physical state. As indicated in 
the history, a lesion of the hypothalamus was 


suspected in life. Diabetes insipidus was not 
present. Although he was well nourished, he was 


not excessively fat and his genital organs were quite 
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well developed, there being thus no signs of adiposo- 
genital syndrome. As a matter of interest and b 
contrast, Kagan (1958) described a large tumour of 
the third ventricle, regarded as an astracytoma, 
in a 53-month-old infant in whom the blood calciu 
was normal and the main features were anorexia 
and inanition. 

The histological character of the vascular naevus 
did not fit easily into Russell and Rubinstein’s (1959) 
classification of capillary telangiectasis, cavernous. 
angiomas and venous and arteriovenous angiomas. | 
It resembled most a racemose venous naevus com- 
posed of small channels. However, a pia-arachnoid 
component was not demonstrated and the lesion 
in this child was within the substance of the brain. 
Corrin (1959) stated that cavernous angiomas were ~ 
similar in structure to the common cutaneous 
angiomas and that occasionally they were associated 
with angiomatous lesions of the skin and other 
organs. Unfortunately, the skin lesions were not 
examined histologically. 

It was impossible to decide whether the hyper- 
calcaemia was causally related to the naevoid 
anomalies and the infundibuloma or was a for- 
tuitous complication such as might have arisen 
from some fault in the early feeding involving cal- 
cium and vitamin D or hypersensitivity to vitamin D; 
causal factors which have recently been discussed by 
Bonham Carter, Dent, Fowler and Harper (1955), 
Morgan, Mitchell, Stowers and Thomson (1956), 
Fellers and Schwartz (1958), and Forfar et al. (1959). 
Nevertheless, it could not be ruled out that the 
more economical explanation of a single cause such 
as a biochemical defect manifes elf as localized 
faults of morphogenesis. i pT 







Summary 


An epileptic microcephalic idiot boy was eines 
and had spastic quadriplegia, capillary-cavernous 
naevi of the skin and hypercalcaemia and osteo- 
sclerosis of the skull. Pathologically, there were 
micrencephaly, generalized paucity of nerve cells 
in the grey matter and an excessive number of 
ectopic nerve cells in the white matter, a gliosed 
vascular tumour of the left cerebral cortex and an 
infundibuloma. 


Our thanks are due to several colleagues at the Foun- 
tain Hospital and the Postgraduate ee School who 


supplied information. 2 
+ 
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Atrial Septal Defect. By H. GösTA DaAvIpsEN. (Pp. 225; 
347 refs; 49 figs; 12 tables. D. kroner 50.00.) 
Copenhagen: Munksgaard. 1960. 

Accurate information concerning the natural history 
of disease is as elusive as it is important, for without 
this knowledge rational treatment can hardly be said to 
exist. In attempting to set down the story of atrial 
septal defect Dr. Davidsen has clarified the background 
against which the treatment of this anomaly must be set. 
Although most of the 225 paper-backed pages are taken 
up with the minutiae of a thorough, careful and pains- 
taking study of 15% of the atrial septal defects in Den- 
mark, being a series of 132 patients seen at the Rigs- 
hospitalet, Copenhagen, considerable space is devoted 
to an analysis of the 190 autopsy reports in the literature. 
These latter records are admittedly unrepresentative, but 
they are unique, as they antedate the era of opezative 
treatment and from them the author has extracted an 
amazing amount of information. In 68 of the 132 
patients of Copenhagen the diagnosis of heart disease 
was made before the age of 7 years. The subject is 
presented well in eight chapters with excellent summaries 
of each. From the gravity of the late prognosis in 
atrial septal defect, the author concludes that there are 
sufficient grounds for attempting an improvement in the 
prognosis by surgical treatment. Such . treatment 
should be carried out before irreversible changes have 
occurred in the pulmonary vessels and cardiac valves. 
The scope of the book excludes the technique or results 
of operative treatment. In a chapter devoted to electro- 
cardiographic changes some reference might have been 
made to the value of the vector cardiogram. The 
reproduction of radiographs is good, and the diagrams 
and line drawings prepared by the author himself are 
commendable. Full references are given to the 347 
publications quoted and the index is accurate if a trifle 
curtailed. Spelling mistakes are few for a book pub- 
lished in a language ‘foreign’ to author and printer, 
and the quality of print and paper is good. 


The Purpose and Practice of Medicine. By Sim JAMES 
SPENCE. (Pp. x + 308; illustrated. 42s.) Lordon: 
Oxford University Press. 1960. 

This book is made up of a selection of 20 of the papers 
and lectures of James Spence, edited anonymously by 
his friends and colleagues. They are divided 
sections entitled ‘The Nature of Disease’, “The Study 
of Disease’, ‘Children and Families’, ‘The Care of the 
Child’, and ‘The Practice of Medicine’ and the “Training 
of Doctors’. The first of these sections shows the young 
Spence writing papers on pernicious anaemia, xeroph- 
thalmia, epituberculosis and other medical subjec:s of 
current interest in the era 1920-1933. These probably 
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differ little from similar papers written by others at the 
time, but in 1934 there was published an ‘-nvestigation 
into the Health and Nutrition of Certain of the Children 
of Newcastle upon Tyne between the Ages of 1 and 
5 Years’. This work, done at the time 3f the great 
depression, marked the beginning of Spence’s long and 
fruitful collaboration with the Health Authority of his 
own city, which led on to the unique 1,000 femily survey, 
launched before his death and carried on acterwards by 
his collaborators. From this time, as his bibliography . 
skows, he became less interested in clinical medicine 
itself, in so far as it concerns itself with particular diseases, 
and more and more interested in the wey in which 
medicine should be studied and should be taught. 

In turn this led on to the main concern of the latter 
years of his life, the institutions which men create to fulfil 
particular needs, and the manner in which these insti- 
tutions evolve, or fail to evolve, as those needs change: 
He liked to regard the human family as the oldest of its 
institutions, and his masterly discourse on “The Purpose 
of the Family’ should be read in this context. His 
membership of the University Grants Ccmmittee 
brought him into close contact with the university and 
the teaching hospital qua institutions, and during the 
last decade of his life his interest, his talk and his energies 
were increasingly taken up with university policy. 
Unfortunately he wrote little on this subjecc. 

The book ends with his address to the Newcestle and 
Northern Counties Medical Society, given a few months 
before his death in 1954. He spoke on Institutional 
Medicine, and the opening words are beautifully charac- 
teristic of his style. 


“It is, I think, one of the inherent peculiarities of en Englishman, 
and more particularly of a Northumbrian, that, if yeu scratch him 
he begins to brood over his institutions. And then from time to time 
he reforms them. He is, as it were, still in those trenendous years 
before and after 1688, when our revolution was settled more by 
sincerity of argument than by force of arms, and when -here were men 
of the calibre of Halifax the Trimmer to hold the balance. Now, 
again, in this century we are in the midst of another re-olution, which 
is shown in our concern about our institutions. If we have neither 
the vigour, which is an affair of the spirit, nor the means, which is an 
affair of the intelligence, to reform our institutions, it will be a matter 
of interest mainly to the historians of the future; but such a state of 
affairs will be cold comfort to those of us who believe-that the excel- 
lence of a civilization is shown in the capacity of its citizens constantly 
to reform its institutions in order to meet its changing cultural needs. 
But change may be for the better or the worse, and im remembering 
this we should be guided by Burke’s admonicion, tkat “merely to 
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innovate is not to reform’’. 


The style of his prepared utterances is terse, witty 
and embellished with apt references to the work and 
words of men, past and present, whom ke edmired. 
Discussion of the present and future is charactezistically 
based on experience to be gained from a study of history, 


pam —intellecival qualities. 
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for Acs historical sense was one of his outstanding 
Alas, his prepared speeches, vivid 
thougi they are to read, cannot give more than a faint 
impression of the unforgettable delight of his conversa- 
tion, ror Gf the effect of his extempore contributions at 
conference or committee. Yet it was by these means 
that 22 me-nly achieved the great influence he had on his 
contertporaries during his lifetime. His approach to 
life ked rach of the imaginativeness of the artist about 
it, so tha: his judgments seemed to be arrived at in- 
tuitivdy. cid his opinions often enough had a touch of 
waywercnsss about them, leading to his being apt to 
take en 2ncirely unexpected line on some controversial 
issue Inevitably these aspects of his personality cannot 
be reflected in a book made up of his formal utterances. 

Yet happily, something of the charm of his per- 
sona.ity, <f the enchantment of his companionship, 
and >` thz impact which these made upon those who 
knew him is brought out in the excellent Memoir (in 
effect = short biography) which Sir John Charles has 
writtza for this book. 


Al! must be grateful to those who have given us this- 


book, foz James Spence was one of the’two or three men 
whose idezs have shaped paediatrics in this country 
since fhe War. 


Cance- and Allied Diseases of Infancy and Childhood. 
Ed. I. M. AREL and G. T. Pack. (Pp. xii + 605; 
344 figs. London: Churchill. 1960. 

This is = work of multiple authorship in which 27 
conti ors, all from the United States, have cooperated. 
The e<itors state that it is ‘the first comprehensive 
treatise devoted exclusively to the clinical aspects of 
cancer and allied diseases in children’. The list of con- 
tribu:crs macludes names that are well known outside 
the Um:tec States and all are workers of experience and 
authomily. l 

The: score of the book is wide. Nearly every possible 
type cc recplasm that may afflict children is mentioned. 
A lf>ecel interpretation is given to the term ‘allied 
diseases’. = number of developmental anomalies being 
includ2d which are allied to cancer only as possible 
problems in differential diagnosis. The principal 
interest of the book is surgical, although chapters are 
devo-e= tc leukaemia and the ‘reticuloendothelioses’, 
which are mainly of medical interest. Some of the 
authors describe surgical techniques and many give 
detai.s of radiotherapy. An interesting feature of many 
contributions is the evaluation of results of treatment 
culled from large series of cases in various important 
centr2:. Pathology is introduced only for the purpose 
of cless-fication and to indicate the bearing of histological 
struciLre ca the behaviour of tumours and consequently 
on treatment. No detailed pathological descriptions 
are gan 

A few criticisms may be offered on pathological 
grouncs. The*controversial ‘Ewing’s tumour of bone’ 
is accepted as a pathological entity and the frequency 
with hocr the syndrome is produced by secondary 
feuroElastoma is ignored. In Chapter 13 the author’s 
atter.t fo resolve the existing terminological confusion 
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between dermoid cysts and teratomata leaves the reader 
still confused. It is obvious that the term ‘dermoid’ 
is too widely applied. A new confusion is created by 
applying the term ‘non-lipid reticuloendotheliosis’ to. 
Hand-Schiiller-Christian disease in contrast to the diseases. 
of Gaucher and Niemann-Pick, which are termed ‘lipid 
reticuloendotheliosis’. This terminology is unfortunate 
because Hand-Schiiller-Christian disease has hitherto- 
been known as lipid reticuloendotheliosis and Letterer- 
Siwe disease as non-lipid reticuloendotheliosis. 

It is surprising that the treatment of neuroblestoma 
with vitamin B, is dismissed in two brief sentences. 
In view of the encouraging results reported from Great 
Ormond Street Hospital, this merits more detailed con- 
sideration in a comprehensive book such as this. 

The editing is good and little overlapping between 
contributors has been permitted. A few misprints and 
grammatical errors have escaped correction. The book 
is well produced and generously illustrated, especially 
with clinical photographs and radiographs. A copious. 
bibliography is provided. The index is full but would be 
improved by the use of heavy type to indicate principal 
references among multiple entries. 


The Development of the Infant and Young Child—Normal 
and Abnormal. By R. S. ILLINGwWorTH. (Pp. 318; 
illustrated. 27s. 6d.) Edinburgh and Lendon: 
Livingstone. 1960. 

This is a book about the mental development of 
children during the first five years of life. It is not 
concerned with physical growth nor does it trace the 
mental development in specific mental diseases. The 
title of the book could mislead the casual reader and has. 
rather a dull, prosaic sound about it. Not so the text.. 
In articles published in recent years Professor Illingworth 
has shown great skill in portraying the social and intel- 
lectual development of young children in words readily 
comprehensible to paediatricians, general practitioners. 
and lay social workers alike. In this book he has 


-excelled himself. This is a splendid simplification and 


condensation of the original studies of Gesell and others 
adapted by the author for day-to-day clinical use and 
widely modified by his own large experience in paediatric 
practice. The reader is usually given a clear expression 
of opinion and many illustrative case histories are 
recorded. There is a wealth of good, sound, practical 
advice and the text includes several specimen charts for 
recording developmental progress which can be applied 
without any specialized equipment or training. There 
is wise emphasis upon the value of personal history-taking 
by an experienced clinician, though not everyone would 
draw quite the same conclusions from the examples 
quoted. ‘There is, perhaps necessarily, a good deal of 
repetition in the early chapters where norms of develop- 
ment are discussed in the text, then classified in tables 
by age and then again grouped in more complex tables. 
The perpetual problem of deciding what is ‘normal’ and 
when behaviour becomes ‘abnormal’ has often been 
ingeniously circumvented in this book by the device 
of having three standards: (1) Normal, (2) Variations 
from Normal; (3) Abnormal. 
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Each chapter has an excellent bibliography and the 
book has a good index. It would be surprising to find no 
mention of autism in the index, though it receives passing 
mention in the text, but for the conviction that the 
author is really concerned with normal development and 
only considers abnormalities in order to illustrate how 
normal development can be distorted. 

Chapters 5 and 12 deal with pathological development 
in a general fashion rather than in specific disease entities. 
There is a short chapter on the diagnosis of cérebral palsy 
and an entertaining, if not very instructive, chapter on 
persons of exceptional mental superiority. 

The illustrations are clear and useful adjuncts to the 
text and there are very few misprints. There is a slight 
error on page 251 where two lines on electro-encephalo- 
graphy are allowed to intrude into discussion of pneumo- 
encephalography and, taken in conjunction with the 
following sentence, might suggest that electro-encephalo- 
graphy is a dangerous test. 

This book is entertaining and it is practical; it is very 
well written; it should certainly be read by all who are 
engaged in the study of young children and it should be 
purchased for permanent reference rather than borrowed 
from a library. 


The Physiology of the Newborn Infant. By CLEMENT A. 
SmiTH. (Pp. xii + 497; 62 figs. 95s.) Oxford: Blackwell 
Scientific Publications. 3rd edition. 1960. 

The supremely high standard of previous editions of 
this classic study are more than fully maintained. Many 
chapters have been re-written. Revision has involved 
careful appraisal of advances made in the study of 
neonatal physiology since publication of the previous 
edition. Acknowledgements make special reference to 
the activities of the Nuffield Institute for Medical Re- 
search at Oxford, and the Department of Experimental 
Medicine at Cambridge. The format of the book 
remains unchanged. Each chapter consists of a scholarly 
evaluation of the present state of existing knowledge 
and prevailing views, and concludes with a summary 
outlining the significance and practical application of 
that knowledge in the clinical care of the newborn infant. 
Together, the richness of his personal research contribu- 
tions and the wide ranging wealth of his references 
afford some indication of the immensity of the task 
undertaken by the author. With admirable skill, 
he marshals his evidence; from a maze of often 
conflicting views delineates a clearly defined theme; 
and with carefully developed, logical argument arrives 
at his assessment of the present position. Established 
facts are given as such. Theories as yet unproven are 
presented in unprejudiced form, but with an indication 
as to the extent to which they may be legitimately per- 
mitted to influence clinical practice. Herein is to be 
found one of the especial among innumerable attractions 
of the book to practising paediatricians. Seldcm is 
accumulated experience and erudition available in such 
stimulating and readable form, as in this book. Could 
there be more penetrating answer to the question “Does 
physiologic jaundice ever cause kernikterus, or other 
significant pathology?’ than the author’s—‘The clinical 
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problem of physiologic jaundice has herecofore been 
essentially a problem of differential diagnosis. It may 
now have become one of definition’? a 


Diseases of the Nervous System in Infancy, Calldhood and 


Adolescence. 4th ed. By Frank R. Forp. (Pp. 
xvi X 1548; 215 figs. 236s.) Oxford: Elackwell 
Scientific Publications. 1960. 


Frank Ford’s textbook, which is one o? the major 
classics of medicine, has now reached its fourth edition. 
The first appeared in 1937. It is becoming increasingly 
rare for a single writer to attempt to cope with such an 
extensive field, but the result certainly has advantages in 
respect of uniformity of presentation and simplicity of 
reference. Dr. Ford’s approach is refreshingly personal, 
thus: “Hysterical deafness is described but I have never 
seen it.” In this way he avoids carrying over material of 
doubtful validity from previous texts. At tre same time 
his account of the subject is very extensive ard authorita- 
tive. There is no other work with whica it can be 
compared and it is esséutial to any library dealing with 


‘paediatrics, neurology or child psychiatry. 


The price of the book makes it unlikely to appeal to the 
individual purchaser though it is worth muca more than 
a great deal of ephemeral literature. The vclume is well 
documented and some idea of the scope can bə gained 
from the fact that the index occupies 221 pages. The 
index would have been much more convenient if authors 
and subjects had been listed separately. The mere 
weight of the book makes it cumbersome for the less 
athletic reader; perhaps two volumes shold be con- 
sidered if it is to grow any more. 

Dr. Ford does o sve an account of the neurology of 
old age, but otherwise his text is so full that >ne wonders 
in what other respect it differs from a comprehensive 
treatise on neurology. None the less it will continue to 
make a special appeal to those interested in children. The 
revision of the new edition appears very adeguate and has 
obviously involved critical scrutiny of recent publications. 
Crome’s work on the neuropathology of mental sub- 
nermality is mentioned four times anc a bibliography is 
provided in addition to references n the text. The 
illustrations are excellent and the quality of tre peper does 
full justice to them. 

In his section on tuberous sclerosis Dr. Ford states: 
‘No doubt tuberous sclerosis is frequently responsible 
for convulsions which are mistakenly acztrituted to 
epilepsy’. This might indicate a dualist approach, but in 
fact this is not reflected in the excellent chapter on 
epilepsy which fully recognizes the principle. of causality 
and refers only in passing to the ‘so-called essential 
epilepsies’ as those in which ‘no clinical evidence of 
organic disease of the brain can be found’, The author 
also shows a very proper scientific scepticism in regard to 
a special ‘epileptic personality’. 

It is rather surprising to find such an authority as Dr. 
Ford falling into the usual trap about ‘nronzolian spots’ 
which he described as part of the syndrome o” mcngolism. 
Perhaps we could avoid these difficulties if we used the 
Russian term of “Down’s disease’! The true Monge 
spot is a naevoid formation in the lumbo-sacral area, 
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fourdanong Mongols and Tatars, and has nothing to do 
with me clinical condition of mongolism. The term 
‘Moilan Idiocy’ should certainly now be abandoned 
since, as Ford himself points out, most of these children 
are >t imbecile level. Also, tuberculosis is no longer 
very Common later in childhood among children with 
mor lism. This edition went to press too soon to 
reco-c the interesting new developments in regard to 
chrem—some constitution. i 

Dz. Ford has done a great service to neurology. His 
boot 5 an essential work of reference in this and related 
fields. _t will continue to be of great assistance to the 
pracijtoner, the teacher and the research worker. The 
Engis :s lucid and simple. 


Infamt Xoods and Feeding Practice. By HERMAN 
FE ,RRIC MEYER. (Pp. 360; 14 figs. 78s.) Springfield, 
Jiris: Charles C. Thomas; Oxford: Blackwell 
Scdientfic Publications. 1960. 

Thi took, by a Chicago paediatrician, who is Asso- 
ciate F'rofessor of Paediatrics at North-Western Univer- 
sity V=cical School, is most refreshing. Written by one 
with Æ long experience of routine well-baby care as well 
as hossizal and domiciliary. paediatric practice, it is the 
succts.o- of ‘Essentiais of Infant Feeding for Physicians’ 
which was well known in the United States a few years 
ago. iIn this volume the author has emphasized and 
amp ifed those sections of the original book which 
provec most popular and helpful, and the title of the 
booE as been appropriately changed. 

Tke theory and practice of dietetics in the first year 
of lfe including the newborn period, are thoroughly 
revieved and discussed in a very satisfying, often 
hummus, down-to-earth manner by one who has 
clearly kad a great deal of experience, not only with 
patiens Sut also with parents, doctors and students. 

Breest feeding and its present position in paediatric 
prac i@ in the United States and many other countries 
are fuy and objectively considered, though the manage- 
men; «f the numerous minor breast disturbances which 
freqveathy arise in the puerperium, and often unneces- 
saril” 2ad to weaning, has received too little attention. 
The artkor deplores the fact that in the United States 
only 2t.°-; of babies are now being breast fed on discharge 
from -_néternity hospital, but he is encouraged by a 
reversal of this regrettable trend in the better educated 
sectiers of the community, such as university graduates. 

Artiiccal feeding has been reviewed from its evolu- 
tionare aspect leading to the contemporary swing back 
of the 2sendulum to more fundamental, simpler methods, 
and it somewhat confused American scene with its 
73 ver=t es of artificial infant foods has been arranged 


‘and coordinated into a rational picture. 


The various food elements, proteins, fats, carbo- 
hydret s, minerals and vitamins, are considered in their 
moder: context and many points which are new in a 
book cm infant feeding attract the reader. 

Ths section on mixed feeding is also a happy blend 
of th: nodern scientific approach and practical wisdom 


“and ex-erience and it is gratifying to find that the author, 


like m-st of the leading American and British paedia- 
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tricians, sees no indication for introducing mixed feeding 
until the third or fourth month in the average infant, 
though it is rightly stressed that in this form of feeding, 
as in milk feeding, there are great individual variations. 

The last chapter ‘Clinical Trivia and Philosophic 
Observations in an Every-Day Feeding Practice’ is an 
entertaining and intensely practical account of common 
misconceptions and minor problems. It will be par- 
ticularly useful for students and young paediatricians 
and general practitioners in whose eyes some of these 
minor problems often loom large and may be very 
disturbing. 

The 200 references will prove valuable for those who 
wish to pursue various points further. Although 
written for American paediatric practice this book will 
prove equally welcome and valuable in this and other 
English-speaking countries, for the basic principles of 
dietetics in infancy are similar everywhere. 


Neue Paediatrische Urologie. By ERICH Zapp. Beiheft 
zum Archiv fuer Kinderheilkunde, 40. Heft. (Pp. 
142; illustrated.) Stuttgart: Ferdinand Enke Verlag. 
1960. 

In the foreword the author states that this little book is 
written for paediatricians in order to acquaint them with 
recent developments in paediatric urology. The main 
emphasis is on diagnosis; therapy and operations are only 
briefly mentioned. 

The English reader will find this little monograph too 
short to be of much value to paediatricians; but it may be 
of some use to undergraduates and practitioners. It 
appears to be a little out of date; although written in 1960, 
many of the advances in paediatric urology during the 
last decade are not mentioned. 

The first chapter contains brief descriptions of 
paediatric urology and diagnostic methods. It seems 
strange that x-ray cinematography and studies with the 
image intensifier, which have done so much to unravel 
some of the confusion surrounding paediatric urological 
conditions are not described at all, and that the micturat- 
ing cysto-urethrogram, which is perhaps the most 
important of all radiological investigations in childhood, 
receives only scant mention. 

Of the succeeding chapters, some, like the one on 
urinary infections and stone formation in the urinary 
tract, are very adequate, others, like the one on 
megaureters, ectopia vesicae, bladder neck obstruction 
and the neurogenic bladder, are somewhat out of date, 
especially when the treatment and indication for 
treatment are discussed. 

It is, of course, difficult to compress such large and 
rapidly expanding subjects into a few pages, but it is not 
easy to understand why some extremely rare conditions 
like atresia of the urethra and congenital elephantiasis 
of the penis are described in some detail, and why some 
common lesions like phimosis and incompletely 
descended testicles are only very briefly mentioned. 

The author has written a most readable and concise 
little monograph based on a comparatively small series of 
cases. The results mentioned in this book do not quite 
come up to those published by the larger Paediatric 
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Urological Centres in this country or the United States 
of America. One is therefore forced to agree with Doctor 
Zapp when he states that it is unfortunate that in Germany 
paediatric urology is not practised by specialists in this 
field, but remains an appendage to adult urology. 


Intussusception in Infants and Children. By MArK M. 
RavitcH. (Pp. 121; illustrated. 76s.) Springfield, 
Illinois: Charles C. Thomas; Oxford: Blackwell 
Scientific Publications. 1959. 

Intussusception is still a potential killer in young 
children, and anyone dealing regularly with this condition 
will find something of interest in Mark Ravitch’s book. 
It is the first of a new series of paediatric surgical mono- 
graphs, and is based on the author’s experience at the 
Johns Hopkins Hospital, Baltimore. 

The essential theme of the book is the treatment of 
intussusception by barium enema reduction. As soon 
as the diagnosis is made, an intravenous infusion is 
started. An ungreased 45 ml. Foley bag catheter is 
inserted into the-rectum, the balloon is inflated, and the 
buttocks tightly strapped. The catheter is connected 
to a reservoir of barium at a height of 3-34 ft. above the 
table. Thereafter, reduction is performed under fluoro- 
scopic control. When the tleum is seen to fill freely, 
reduction is complete. 

This technique in Ravitch’s hands is curative in 
70 to 75% of all cases. When reduction is incomplete 
(in 25 to 30%) it is completed by open operation through 
a McBurney incision, thus avoiding a centrally placed scar. 
Using :this ‘technique at the Johns Hopkins Hospital, 
in the 10 years from January 1948 to January 1958, there 
have been 52 cases, and no deaths. Incidentally, there 
were only two resections. 

Ravitch is convinced, by his own experience and that 
of other clinics using this technique, that primary 
reduction by hydrostatic pressure is superior to and safer 
than open operation. Attention is drawn to the curious 
fact that the incidence of intussusception is much higher 
in Britain and Scandinavia than in the United States. 
There are only six to eight cases a year in Ravitch’s clinic, 
contrasting with 30 to 40 cases a year in any big Children’s 
Hospital in this country. 

There is an excellent chapter on errors in diagnosis, 
leading to delay and even to death of the child. Common 
mistakes are misdiagnosing intussusception as dysentery, 
and preoccupation with an associated serious illness. 
This chapter contains much valuable information. 

In the chapter on symptomatology and physical signs, 
the omission of ‘pallor’ is a curious one, since it is so 
common a feature. 

There is a section on experimental studies on dogs, in 
whom intussusception was artificially induced. This 


ARCHIVES OF DISEASE IN CHILDHOOD 


proves that the apex of the returning limb of ths intussus- 

ception is the first to go gangrenous. This Elso shows 
that micro-organisms can be found on the serosal surface 
of tne bowel in from four to 48 hours, and the more 
completely the blood supply is arrested, the more rapidly 
do they pass through the bowel wall. This uncerlines the 
importance of antibiotic therapy. i 

Resection procedures are discussed. Almost every 
manoeuvre has been tried at some time. Primary 
resection and anastomosis is still the treatmen- of choice 
and holds the field today, but in the extremely ill baby or 
with oedematous bowel of doubtful viability, there is a 
place for a decompressive resection of the Mikulicz type, 
coupled perhaps with anastomosis. Resections in any 
single clinic are so few that comparison of results is, 
in Ravitch’s opinion, difficult. 

Every clinic has experience of the child who arrives 
almost irretrievably moribund early in the disease. There 
is no full discussion in this book of that most important 
though still mysterious topic, the cause of death in this 
form of obstruction. There are no hints és to the possible 
aetiology of intussusception. This, too, remains a 
mystery. 

The production as a whole is excellent, easy to read and 
profusely illustrated by first-class radicgrapkic studies. 
There is a very full bibliography. 

This book should be read by all those who are called 
upon to treat intussusception in childhood. 


Kranke Sauglinge. Edited by C. H. VERBoom. (Pp. xii 
-+*367; 8 figs. D.M. 39.60.) Stuttgart: Georze Thieme. 
1960. 

As its title implies, this book deals with clinical con- 
ditions arising in infancy. There are 20 chapters, the 
lengthiest of which deal with illnesses in the newborn, 
congenital defects, feeding problems, vitemin deficiencies, 
infectious diseases and modern therapy. A chapter is 
devoted to tetany, infections of the cranial ccntents and 
acrodynia. Other subjects dealt with include diseases 
of the respiratory, urinary, haemopo‘etic end integu- 
mentary systems and of the ear, nose, throa= and eyes. 
Emphasis is on treatment, including prophylaxis con- 
sidered against the background of health n infancy. 
Intended for the practitioner, the publicaticn is essen- 
tially a reference book. It is based upon the combined 
experience of six clinicians who practise their different 
specialities at the Infant Clinic of the University of 
Freiburg i.Br. Sound material is presented. in highly 
concentrated form. Illustrations number only eight 
anc allrelate to laboratory aids. There are no references 
but a selected bibliography is provided. Tne book is 
unlikely to appeal on any large scale to paediatricians or 
general practitioners in this country. 
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